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Editorial 


Of the Normal Dog 


George E. Burch, M.D., New Orleans, La. 


Criteria for normalcy border upon philosophic concepts. Although criteria 
may satisfy the majority of opinions and fulfill standards for the average person, 
exceptions can be demonstrated. A man considered normal by the best of criteria 
may harbor the virus of herpes simplex as well as other viruses not yet discovered. 
The virologist may argue that he is not a perfectly normal man, for once the 
cellular environment of the host is properly altered, the virus will proliferate and 
result not only in clinical herpes simplex but possibly encephalitis and death. 
The “committee on standards’”’ will say that this is true and that similar arguments 
also apply to the bacteria of the colon upon which man depends for ‘‘ good health.” 
While these organisms are ‘‘dormant”’ and do not alter the fundamental criteria 
of normalcy, their presence is part of the normal state. With the advancement 
of knowledge in biology and medicine the criteria for normalcy will be altered 
and the normalcy of today will not be accepted as a normal state tomorrow. 
This is science. Dynamic it is and dynamic it will be. Standards must and will 
change as new knowledge unfolds. 

Are we to have standards of normalcy for the dog used in physiologic ex- 
perimentation? Any diseased animal could well be delivered to the laboratory 
by a disinterested and untrained attendant in response to a telephone call for 
a normal dog. He places the animal on the experimental table and states, 
“Sir, here is your normal dog.”’ In too many laboratories this dictum constitutes 
the criterion for normalcy. The investigator, without further concern, proceeds 
to conduct an elaborate day-long experiment involving two or more assistants, 
several technicians, much expensive apparatus, numerous chemicals, glassware, 
recording paper, and many hours or days in the analysis of data. Results and 
conclusions are published which influence the opinions of others and establish 
physiologic phenomena for the ‘“‘normal’’ dog. Much of the data is often recog- 
nized years later as indicating that the dog was probably “‘different’’ or “‘not 
normal.’”’ The ‘‘normal’’ dog could be severely anemic, infested with fleas, lice, 
ticks, and intestinal parasites such as amoebae. He could have struggled to 
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survive in a state of malnutrition in a poor neighborhood, without the care and 
attention necessary for normal growth and development. He may be influenced 
by an extreme sense of insecurity and anxiety, if such psychic states exist in 
dogs—who knows? Even more, consider the possible psychologic trauma pro- 
duced by his captivity, transportation to the laboratory, neglect, and nonsym- 
pathetic care during his imprisonment. His sole visitor was the disinterested 
caretaker who handled the dog roughly in response to the call of the investigator 
for a ‘normal dog”’ for today’s ‘“‘crucial” experiment. 

Contrast this situation with the normal human volunteer, a medical student, 
for example, who is familiar with a medical institution, understands the import- 
ance of good research, has worked in and visited many laboratories, responds to 
questions concerning his past and present physical and mental health, responds 
to inquiries of genetic and familial disease, and is thoroughly informed as to the 
significance of the study and his role in all phases of the experiment and its follow- 
up. He can also provide information concerning changes in his physiologic state, 
such as development of fatigue and tension, as the experiment progresses. He 
has been examined carefully by experienced clinicians who have been trained to 
recognize health and disease. Their decisions are supported by a blood count, 
urine and stool examination, pulse, temperature, respiratory and blood pressure 
recordings, x-rays of the heart and lungs, and anelectrocardiogram as minimal data. 
Other special studies are available if necessary. 

Surely, a normal dog, accurately established as such by the necessary meas- 
ures, is not too great a requirement for any investigation. Too often the requisites 
of performance of investigators, apparatus, and methods far exceed the require- 
ments for the state of health of the experimental animal. No matter how good 
the method or the performance of the apparatus, an abnormal animal is not suit- 
able for obtaining results intended to define the normal state of health. True, 
science is concerned with the unknown, but the conditions of the study should 
be maximally known. A considerably higher percentage of ‘‘normal’’ people 
have been studied than “normal” dogs. Surely, under existing laboratory 
practices fewer grossly diseased ‘‘normal’’ people have been studied than grossly 
diseased “‘normal”’ dogs. Normalcy should be supported by criteria of care and 
health in dogs as well as in man regardless of the demands on effort and funds. 
Treat not the dog like a dog but more like a man, or the experimental results will 


“‘go to the dogs.” 


Clinical Communications 


Conpentiie Serum Transaminase and Dehydrogenase Activities 
in Chest Pain 


M. B. Rodney, M.D., and M. Shapiro, M.D., Schenectady, N. Y. 
With the Technical Assistance of E. M. Torsiello, M.T., A.S.C.P. 


INTRODUCTION 


Since Karmens’ demonstration,! in 1955, of a significant rise in serum 
transaminase activity levels during acute myocardial injury, numerous experi- 
mental and clinical corroborations have appeared. Simultaneous serum glutamic 
oxalacetic transaminase (SGO-T) and serum glutamic pyruvic transaminase 
(SGP-T) activity patterns provide some evidence for differentiating viral hepatitis 
from active and inactive cirrhosis, metastatic hepatic cancer,” and constitutional 
hepatic jaundice’ (Gilbert’s disease), among others. Such simultaneous enzyme 
studies, and occasional papers outlining three to five enzyme systems, suggest 
the use of a spectrum of serum enzyme activities to show quantitative and 
differential tissue damage.*:!® This differential enzymic diagnosis of tissue injury 
is made possible by the naturally occurring variations in the concentrations of 
enzyme in normal human and animal tissue. This follows from the current 
theory that activities of serum enzymes quantitatively reflect tissue necrosis.‘ 
It should be mentioned here that there are reservations concerning the preciseness 
of relating ‘‘enzyme.release’’ to the dynamics of reversible ‘‘injury,”’ and irrever- 
sible ‘‘necroses.’’ (Injury connotes reversible damage, and necrosis connotes 
irreversible damage.'*:!8) 

The use of a number of simultaneously analyzed enzyme systems, whose 
serum activities reflect parallel and characteristic patterns during tissue injury, 
aids in the localization of the site or sites of injury. The spectrum of enzymes 
available from human tissue justifies the use of Wroblewski’s term ‘‘ biochemical 
biopsy.’® Relatively simple spectrophotometric and/or colorimetric analyses® 
permit the average clinical laboratory to determine the levels of serum glutamic 
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oxalacetic transaminase,'! serum glutamic pyruvic transaminase,*® malic dehydro- 
genase,’ lactic dehydrogenase,* aldolase,? and serum phosphohexoisomerase,!° 
in nonhemolyzed sera. Each of these tissue enzymes has been shown to be signifi- 
cantly elevated in the serum during the acute phase of transmural myocardial 
or other tissue necrosis. 

In myocardial necrosis we have noted enhanced enzymic evidence of tissue 
necrosis when two or more enzyme systems are determined consecutively in 
closely timed sera. Our frequent finding of a significant dehydrogenase activity, 
particularly ‘‘malic dehydrogenase”’ in sera bearing normal or borderline trans- 
aminase activities stresses the need for broader comparative enzyme studies in 
the detection of tissue injury.'*!’ . 

The material for this study is composed of 61 patients admitted to the hospital 
with an initial and primary complaint of chest pain. The 61 selected patients 
are classified into three clinical groups: (A) 24 patients showing classic clinical 
and typical electrocardiographic evidence of acute myocardial infarction; (B) 
26 patients showing nontypical clinical and/or nondiagnostic electrocardiographic 
evidence of infarction; (C) 11 patients with chest pain who showed no evidence 
of cardiac disease. Determinations of lactic dehydrogenase and ‘‘malic dehy- 
drogenase’’ were made on patients from the original 61 who failed to show the 
expected close correlation between clinical diagnosis and significant SGO-T 
activity. Serum “ malic dehydrogenase’ activities were determined in 26 patients, 
and lactic dehydrogenase activities, in 27 patients. 


METHODS AND MATERIALS 


I. SGO-T (Serum Glutamic Oxalacetic Transaminase).—Serum glutamic oxalacetic trans- 
aminase activ’ y was determined according to Karmen,! which method was modified only by 
utilizing Sigma reagents, a Beckman B spectrophotometer, and by graph plotting each serum 
at 4 or more O.D. points, each at 30-second intervals. €. aph plotting of O.D. change per unit 
time per milliliter was employed both to visually demunstrate strict linearity of DPNH dis- 
appearance and to consistently demonstrate instrument and technician accurary. Similar graph 
plots demanding strict linearity of 4 or more O.D. points per serum were obtained on all sera 
analyzed, regardless of the enzyme system under test. 

II. MDH (‘Malic Dehydrogenase’’).—Determinations of ‘‘malic dehydrogenase” were 
performed spectrophotometrically by the method of Siegel and Bing.’ ‘“‘Malic dehydrogenase” 
is a zinc-containing metalloenzyme requiring coenzyme I (diphosphopyridine nucleotide) for its 
activity." ‘‘Malic” and lactic dehydrogenase enzymes are distributed throughout the body tissues. 
“Malic dehydrogenase” catalyzes a reversible reaction. Malate plus DPN‘; oxalacetate plus 
DPNHb. The equilibrium between malate and oxalacetate is strongly in favor of malate,and unless 
oxalacetate is removed, the oxidation of malate is rapidly stopped.”? Siegel and Bing’? run the 
reaction with oxalacetate as substrate, e.g., oxalacetate plus DPNH:— malate plus DPN. This 
reaction may not measure the “malic dehydrogenase’”’ activity alone, since other enzymes not 
pertinent to the study may act on oxalacetate. 

Ordell® notes one disadvantage of the direct determination of serum “malic dehydrogenase” 
activity as being due to the instability of oxalacetate in dry and especially dilute solutions, with 
degradation to oxalacetate and pyruvate. Such a transformation changes the test to a combined 
malic and lactic dehydrogenase activity test. For this reason, only freshly prepared, iced: oxal- 
acetate was employed, and we have followed Bing’s lead in placing quotation marks about “malic 
dehydrogenase,” hereafter referred to as MDH. 

The simple technique is as follows: to 0.10 ml. or 0.05 ml. of plasma was added 2.0 ml. of an 
0.1M phosphate buffer pH 7.55 and 0.10 ml. DPNHz2 (2.5 mg./ml.); volume was made up to 3.0 
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ml. with distilled water. After 10 to 15 minutes, 0.1 ml. of 0.5 molar oxalacetate (Sigma) at pH 
7.0 in 1.0M phosphate buffer was added. The change in optical density of DPNH: (reduced diphos- 
phopyridine nucleotide) at 340 millimicrons was graph plotted for linearity, using 4 or more O.D. 
determinations, each made at approximately 30-second intervals. ‘The oxalacetate solution was 
prepared just before use and was kept in a glass-stoppered test tube in ice water. A unit of MDH 
is defined as the decrease in O.D. of 0.001 per minute per ml. of serum at 340 mu. 


III. LDH (Lactic Dehydrogenase).—Lactic dehydrogenase activity was determined according 
to Wroblewski and LaDue,® except that the Beckman B spectrophotometer was used. 


Our normal range for these’ three enzyme systems is the mean + 2 standard deviations, as 
determined on 20 or more ambulatory, apparently normal individuals. Our range of normal for 
each of these three enzyme systems is noted in Table I. 


TABLE I. NORMAL, BORDERLINE, AND ELEVATED RANGE OF SGO-T, MDH, anp LDH 


ENZYME MEAN = 2 S.D. NORMAL RANGE | BORDERLINE RANGE | ELEVATED RANGE 


SGO-T 20 + 10 10 — 30 30 — 40* above 40* 
MDH 45 = 28 17 — 73 75 — 90 above 90 
LDH 139 + 64 75 — 203 200 — 230 above 230 


*Greater than +3 S.D. for the arbitrary purpose of keeping uniformity with the generally accepted 
normal range of SGO-T activity. 


In this study, “borderline” is arbitrarily defined as that range of activity between the mean 
+ 2 S.D. and the mean + 3 S.D. (standard deviation). While infrequently employed, the borderline 
range has clinical value, as may be judged in our results. A further advantage of a borderline 
range is that it controls an ‘‘over quantitative” interpretation. This range also serves as an excellent 
“indicator” in suggesting corroboration by another enzyme system. In our hands, serum storage 
at —20°C. for 3 weeks and longer did not cause a significant decrease in transaminase or dehydro- 
genase activities. Random sera, analyzed at 6 and 7 weeks, showed no appreciable loss of SGO-T, 
MDH, or LDH activity. These statements apply to nonturbid, nonhemolyzed sera. The ranges for 
“normal’’ LDH vary. Our ‘“‘normals”’ are closer to MacDonald’s'® than Wroblewski’s. 


RESULTS 


Table II summarizes the comparative results of individual SGO-T, MDH, 
and LDH determinations done on between 2 and 8 serum specimens from each 
of 61 patients comprising this study. Any single serum enzyme activity above 
the borderline limits noted in Table II was considered “‘significant.’’ Frequent 
differences in “‘significance’’ between SGO-T, LDH, and MDH enzyme activities, 
occurring in individual and multiple sera in the infarction group, are apparent 
from Table II. This enzyme pattern confirms the well-documented evidence that 
each of these three serum enzymes may reflect myocardial injury. A disparity 
in enzyme “‘significance’’ was seen in the anginal group. 


Group A: Classic Myocardial Infarction.—Of 24 patients with classic myo- 
cardial infarction, 15 were studied by parallel SGO-T, MDH, and LDH serum 
activities. A majority of these 15 cases was selected because expected elevated 
transaminase levels were not obtained; 14 cases bore significant serum dehydro- 
genase activities (MDH, 14 cases; LDH, 14 cases). The single negative MDH 
case in this group is Patient B. (Table II), who is noted below as having clinical 
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evidence of myocardial infarction 2 weeks prior to hospitalization. Three patients 
with clinical and ECG evidence of transmural infarction presented usually one, 
and occasionally several, SGO-T levels, in our arbitrarily defined SGO-T border- 
line range, 30 to 40 units. In each of these 3 cases, ‘‘significant’””» MDH and LDH 
elevations concurred in giving enzymic evidence of clinically convincing myo- 
cardial necrosis..In 3 cases of clinical infarction, multiple normal serum SGO-T 
enzyme activities were obtained. Fig. 1 presents the comparative enzyme levels 
in 2 of these 3 cases. The third case, Patient B. (Table II), is omitted from Fig. 1, 
because both clinical and ECG evidence revealed that myocardial infarction 
probably occurred 2 weeks prior to hospitalization. This case, however, represents 
the only serially negative serum MDH obtained in the entire 24 cases of acute 
myocardial infarction in Group A. Case S. T. (Fig. 1; seen also as Case 1 in Table IT) 
is the single case in this group wherein two (SGO-T, LDH) of three paired enzymes 
were consistently negative, while but one of four MDH determinations yielded a 
single ‘‘significant,’’ ephemeral eightfold elevation in MDH activity. Ephemeral 
enzyme elevations, lasting less than 24 hours, were seen in several cases in this 
series of 24 cases in which only serial SGO-T determinations were studied. There- 
fore, excluding the presence of tissue ‘‘necrosis” if based on a single enzyme 
analysis is dangerous. Serum obtained at the experimentally indicated 24 to 36- 
hour “ peak’’ may be unrewarding if a single enzyme system is analyzed. Case S. T. 
in Fig. 1 (Case 1, Table II) illustrates a nonelevated SGO-T and sharply elevated 
MDH level 24 hours after onset of pain, in a typical episode of myocardial necrosis. 
Patient V. S. (Fig. 1; Case 3, Table II) had 8 sera analyzed during a 22-day 
period prior to death. The pattern of enzyme activities reveals a minimally 
fluctuating SGO-T activity in the nonsignificant range. These 8 sera bore fluctuat- 
ing MDH and LDH activities, each peaking into the range of significance at 
different points in time. The dehydrogenase fluctuations parallel each other in 
rough fashion. This case illustrates the potential value of a borderline range of 
enzyme activities. This is especially true in the clinically suspicious case with non- 
elevated but fluctuating serum transaminase activities. At autopsy this patient 
(V. S.) revealed a progressive myocardial necrosis, with a fresh terminal infarc- 
tion. The third case, Patient B. (Table II; omitted from Fig. 1), already men- 
tioned, presented normal SGO-T and MDH levels. (LDH determinations ¥ were 
not performed.) 

In this group of 24 cases of clinical infarction a significant serum enzyme 
correlation with myonecrosis was found in 75 per cent of the SGO-T tested cases 
(18 of 24 cases). Ninety-three per cent (14 of 15) of the 24 cases tested for serum 
MDH or LDH activities yielded significant enzyme activities. In this small 
comparative trial the dehydrogenases seem to offer a more sensitive index of 
myonecrosis than does serum glutamic oxalacetic transaminase. Table II reveals 
that this postulated variation in enzyme sensitivity extends to our 26 cases in 
Group B (angina pectoris). It must be noted here that in Group B, LDH studies 
yielded 66 per cent of cases with significant enzyme activities as compared to 
70 per cent of MDH. Our postulated MDH sensitivity is based on | analysis of 
individual sera and permits more clear-cut conclusions. 

Fig. 2 is a scattergram designed to illustrate the sensitivity of malic dehydro- 
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genase when analyzed in individual sera, serially studied from proved cases 
of myocardial infarction. Seven such cases yielded 24 sera for analyses of compara- 
tive transaminase and dehydrogenase activities. The grouping of MDH activities 
in the ‘‘significant’’ range is readily apparent in sera bearing normal, borderline, 
and elevated transaminase activities. This pattern is present to lesser degree with 
the lactic dehydrogenase enzyme. There is no reported evidence to date of ‘‘false 
positive’? MDH activities.” There is no evidence in these 7 cases, or in our ex- 
perience to date, to suggest that “‘malic dehydrogenase”’ permitted false positive 
evidence of tissue injury. We assume that hemolysis is carefully excluded. 

Table III permits an interpretative analysis of the 53 individual enzyme 
analyses in these 7 cases of clinically evident myonecrosis. Interpretation is 
based upon the range of enzyme activity noted in Table I and classified as normal, 
borderline, and elevated (significant). Serum transaminase activity was signifi- 
cantly elevated in 20 per cent of 20 tests performed. Lactic dehydrogenase was 
significantly elevated in approximately 1 of 3 tests performed in this group of 7 - 
myocardial infarctions. Eighty-two per cent of the tests for MDH activity 
corroborated clinically convincing myonecrosis. 


TABLE III. CoMpARATIVE SIGNIFICANCE OF ENZYME ACTIVITIES PRESENT IN 24 SERA OBTAINED 
From 7 PATIENTS WITH CLINICAL INFARCTION 


SIGNIFICANCE 
ENZYME NUMBER OF POSITIVE PER CENT BORDERLINE NEGATIVE 
TESTS TESTS TESTS TESTS 


SGO-T 20 + 2 14 

LDH 16 6 31 1 9 

MDH 17 14 82 0 3° 
3 


26 


53 


Total 


*Three sera represent one case. 


Fig. 1 presents serial enzyme data obtained from two white men, aged 56 and 
49 years, both of whom presented convincing clinical and electrocardiographic 
evidence of myonecrosis. V. S., aged 49, showed autopsy evidence of a subacute 
progressing infarction, with a grossly recognized fresh, terminal infarct. In both 
cases the dynamic fluctuations of lactic (LDH) and malic dehydrogenase (MDH) 
activities are seen. Case S. T., who survived, presents but one ephemeral signifi- 
cant MDH peak. Case V. S., deceased, showed two significant MDH peaks 
(one terminal) and one LDH peak into the arbitrary range of significance. The 
SGO-T fluctuations in Case V. S. are interesting and rise from 12 to 22 units, 
fluctuating thereafter. Chinsky? noted the occurrence of transaminase fluctuations 
below the ‘‘normal’”’ ceiling. We believe this type of SGO-T fluctuation to be of 
probable significance and is in part explainable by the lesser sensitivity of the 
SGO-T enzyme. 

Group B: Angina Pectoris.—Group B consists of 26 patients with varying 
degrees of chest pain due to coronary artery disease. No case in this group pre- 
sented sufficient clinical or electrocardiographic evidence to permit a diagnosis of 
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infarction. Eight of the 26 anginal cases, 30 per cent, showed evidence of SGO-T 
elevation, indicative of myocardial injury. (Twenty-eight per cent of 692 cases 
of angina collected from the literature showed elevated transaminase activity.) 
In 3 of these 8 cases, parallel LDH and MDH activities were determined in all 
sera drawn. In each case of angina bearing one or more significant SGO-T activi- 
ties, at least one, and often several, significantly elevated ‘malic’ and/or lactic 
dehydrogenase activities were found. The 6 cases of angina which show borderline 
SGO-T activities (Table II) present a particular challenge to the concept of 
dehydrogenase sensitivity in detecting minimal myonecrosis. Analyses of all 
sera obtained from these 6 cases will be offered in another paper.“ Suffice it to 
note that in this liminal range, malic dehydrogenase activities permitted clear-cut 
separation of the 6 cases into two enzyme groups; those with and those without 
dehydrogenase indication of tissue injury. In one patient with angina, 5 sera were 
studied; in 2 sera, SGO-T activities were borderline, and in the remaining 3, 
SGO-T levels were normal. One borderline LDH activity was obtained, and in all 
5 sera, MDH activities were within normal limits. We concluded, perhaps ar- 
bitrarily, that in this case the pattern of enzyme data did not permit a definitive 
diagnosis of myocardial necrosis. 


x 1333 (LDH) 


MDH, LDH BORDERLINE RANGE 
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MDH 20 40 60 100 
LDH 50 100 150 200 250 300 350 400 450 500 550 600 650 


Fig. 2.—Scattergram of comparative SGO-T, LDH, and MDH activities in 24 sera obtained from 7 
patients with myocardial infarction. 


Groups A and B together (Table II) comprise 50 patients who present both 
obvious and suspicious clinical evidence of myocardial necrosis. Twenty-six of 
these 50 patients (52 per cent) presented one or more significant SGO-T activities, 


9 (18 per cent) bore borderline activities, and 15 (30 per cent) bore consistently 
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normal transaminase activity. This positive correlation is somewhat lower, 
and the negative incidence higher,.than is usually reported. We appreciate that 
our borderline range (30-40 units) is generally considered normal by most labora- 
tories. Conversely, 8 of 26 anginal patients (30 per cent) presented one or more 
significant transaminase activities. This incidence is somewhat higher than is 


usually reported. 

Combining Groups A and B reveals 21 of 25 patients (84 per cent) presenting 
significant serum MDH activities and 18 of 21 patients (85 per cent) presenting 
: significant LDH activities. The 75 per cent incidence of significant transaminase 
activity in Group A alone decreases to 52 per cent when borderline cases, as 
defined here, are analyzed. For MDH enzyme the 93 per cent positive correlation 
decreases to 70 per cent, and for LDH, to 66 per cent. Note that these figures 
represent a deliberate selection by which dehydrogenase activities were deter- 
mined in cases of myonecrosis failing to yield expected transaminase elevations. 
The MDH-positive, LDH-negative anginal case included in Table II will be 
discussed in another paper,'* along with 12 SGO-T negative anginal cases. 


Group C: Noncoronary Artery Disease——In this group, 11 patients with 
noncoronary artery disease were classified separately from the 50 patients 
admitted for chest pain on clinical grounds. In 6 cases, chest pain was found 
to be due to noncardiac thoracic or abdominal pathology. Three cases were 
diagnosed as rheumatic heart disease, presumably inactive. The single positive 
LDH and MDH activities in this group were obtained from one patient. This 
patient was a 29-year-old white man admitted with a typical history of squeezing 
substernal chest pain. Serial electrocardiograms were negative. This patient 
was originally considered to have ischemic heart disease, but during hospitaliza- 
tion he was re-evaluated and was felt to have neurocirculatory asthenia and 
anxiety neurosis. Serial sera revealed consistently normal transaminase activities; 
however, both lactic and malic dehydrogenase activities were consistently elevated 
in several sera studies. Subsequent clinical evidence of noncardiac tissue damage 
was sought in vain. This case is placed in Group C, perhaps arbitrarily. 

Worthy of note is the fact that all of the other 5 patients in this group bore 
consistently normal serial LDH activities. This corroborates at least part of the 
10 normal SGO-T levels obtained in this group. One diagnostically difficult case 
included in this group was finally classified .as idiopathic pericarditis, because 
SGO-T evidence of myonecrosis was not obtained. These serial “‘normal’’ SGO-T 
activities showed striking fluctuations, suggesting that dehydrogenase activities 
might have given further enzymic evidence for or against the presence of tissue 
damage. Multiple normal transaminase levels perhaps permitted an overem- 
phasized role in clinical diagnosis in this case. 


DISCUSSION 


Current clinical opinion quotes a high correlation between significant trans- 
aminase elevations and transmural myocardial infarction. This correlation is 
believed to be as high as 98 per cent.!* While available experimental evidence 
justifies this high correlation, variations in clinical data must be expected because 
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of uncontrollable factors present in the nonexperimental or clinical setting. This 
study of 61 cases permitted convincing clinical designation of 24 patients as 
having a myocardial infarction (Group A). A 75 per cent correlation between 
myocardial infarction and significantly elevated transaminase levels was found 
in the 24 cases studied. Malic dehydrogenase activities were performed in 15 of 
these 24 cases; 14 of these 15 cases (93 per cent) presented at least one, and usually 
two, sera bearing significant malic and lactic dehydrogenase activities. Compara- 
tive SGO-T and MDH enzyme activities in all sera obtained from these 15 cases 
revealed a striking number of individual sera bearing significant dehydrogenase 
and normal transaminase activities. A similar pattern of comparative MDH 
and SGO-T elevations was also present in 26 cases of angina studied. Details of 
this comparative experience are presented elsewhere." ‘‘False’’ negative MDH 
levels were not found in this study and, to date, have not been found clinically 
or experimentally by other investigators.’? Conversely, ample experimental and 
fragmentary clinical data confirm the ‘‘release’’ of ‘‘malic dehydrogenase’’ 
during actual tissue necrosis. 


One patient with a dissecting aortic aneurysm, who died suddenly from a 
hemopericardium, was seen. The patient was a 44-year-old white hypertensive 
man who expired 41 hours after dramatic onset of symptoms and accompanying 
shock. Sera were obtained 10 to 12 and 34 to 36 hours after onset. Serum trans- 
aminase activity rose from 30 to 47 units. MDH remained constant and elevated 
at 100 units, whereas serum LDH rose from 300 to 500 units in the second speci- 
men obtained 5 to 6 hours prior to death. The pathology was classic, with a 
distinct supra-aortic intimal tear and extensive fresh medial dissection involving 
the entire aorta. At autopsy no evidence of a myocardial infarction was found. 
The coronary ostia and arteries were patent. 


A second case involved a 45-year-old woman who expired 7 hours after onset 
of symptoms. A single serum, obtained 4 hours after onset, revealed an SGO-T of 
24 units, and a MDH of 28 units. At autopsy the aortic dissection was limited to 
the ascending aorta. Coronary arteries and ostia were free of atherosclerosis; 
approximately 500 ml. of hemorrhagic fluid was found in the pericardial cavity. 


Current theory, equating tissue enzyme release to necrosis, seems a tem- 
porarily valuable oversimplification, both of the mechanism of ‘‘enzyme release” 
and the dynamic intricacies of tissue necrosis. The term ‘‘necrosis’’ classically 
refers to a histopathologically determined, irreversible end point of cellular 
damage. The “‘release’’ of DPN-dependent and other serum enzymes is probably 
the end result of numerous reversible and irreversible enzyme changes accompany- 
ing multicellular tissue injury. In dynamic biochemical terms, “‘necrosis’”’ be- 
comes an ill-defined term. How, when, and where does enzymic ‘necrosis’ 
relate to and differ from injury? Our postulation of enzyme sensitivity is con- 
ceived in clinical terms. We have chosen to use the terms “injury,” ‘““damage,”’ and 
“necrosis” interchangeably when “interpreting” enzyme significance. In the con- 
text of clinical myonecrosis it is valuable at this stage of our knowledge to equate 
enzyme elevation to irreversible myocardial damage. The relation of reversible 
injury and enzyme “release’’ is currently unknown. These theoretical considera- 
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tions become more practically important in the ‘‘minimal’’ myocardial necroses 
that, we believe, accompany perhaps half the episodes of angina pectoris leading 


to hospitalization. 

The data presented here suggest the existence of variations in ‘“‘enzyme 
sensitivities’ which aid in the detection of myonecrosis. Malic dehydrogenase 
activities are so frequently elevated in sera with normal SGO-T activity, in 
both transmural and apparently subendocardial ‘infarctions’ (angina), as to 
force this clinical presumption upon us. Chinsky? questioned the possible signifi- 
cance of dynamic fluctuations in SGO-T activities which failed to peak into 
the arbitrary range of significance. We believe these fluctuations in SGO-T 
activities are probably significant and demonstrable by simultaneous lactic 
and malic dehydrogenase activities, performed in serial sera bearing actively 
fluctuating transaminase activities. In this study the range of 30 to 40 units 
was considered borderline for SGO-T. This range offered a useful indication for 
the performance of simultaneous dehydrogenase activities. The borderline range 
might conveniently include the area between the mean and 2 standard deviations 
and the mean and 3 standard deviations, Borderline may also be defined as that 
variation exceeding a twofold or greater change in activity within the arbitrary 
range of normal. 4 

Determinations for both malic and lactic dehydrogenase are simpler to per- 
form spectrophotometrically than are those for transaminase. If serial sera are 
available for analysis, either lactic or malic dehydrogenase activities may define 
borderline SGO-T activities in a majority of sera. 

In our hands, we found no significant decrease in enzyme activity in sera 
frozen at — 20°C. for 30 days. Several sera studied after 90 days in the deep-freeze 
bore clinically insignificant decrease in enzyme activity. This serum enzyme 
stability provides a reasonable measure of hindsight judgment if nonhemolyzed 
sera are stored at — 20°C. The apparent significance of the use of serum dehydro- 
genase activities in detecting the presence, extent, and duration of myocardial 
injury permits wider use of Wroblewski’s term, the ‘biochemical biopsy.” 
The postulation of a spectrum of serum enzymes, potentially capable of reflecting 
tissue ‘‘necrosis,’’ appears to justify such a term. The use of multiple enzyme 
systems capable of direct and differential diagnosis of tissue ‘‘necrosis’’ is of 
potential value as a quantitative measure of tissue damage. Ordell'® emphasized 
this point in 1956 and 1957 (Fahlgren’’). 


SUMMARY 


This study comprised 61 patients admitted to two Schenectady hospitals 
because of chest pain. The cases were divided into three groups on clinical and 
electrocardiographic grounds. In Group A were 24 patients who presented diag- 
nostic clinical and electrocardiographic evidence of myocardial infarction. In 
Group B were 26 patients with chest pain which was broadly classified as angina 
pectoris, because combined clinical and electrocardiographic evidence was 
insufficient to make a convincing diagnosis of infarction. In Group C were 11 
patients who had chest pain which was clinically determined not to be of coronary 
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artery origin. Serial SGO-T activities were obtained in all 61 patients. Super- 
imposed lactic and “‘malic’’ dehydrogenase activities were determined in these sera 
from smaller numbers of patients in each group. 

In group A, the infarction group, 75 per cent of 24 cases bore one or more 
significant transaminase activities. Malic and lactic dehydrogenase activities 
were analyzed in 15 of these cases. Both dehydrogenases = significant activi- 
ties in 14 of these 15 cases (93 per cent). 

In Group B, the anginal group, 30 per cent of 26 cases bore:one or more 
significant transaminase activities. Malic dehydrogenase activities were deter- 
mined in 10 of these cases. Seven of 10 cases (70 per cent) bore significant malic 
dehydrogenase activities. False positive malic dehydrogenase activities were not 
observed. Lactic dehydrogenase activities were determined in 6 cases, 4 of which 
(66 per cent) bore significant LDH activities. Thirteen of these 26 anginal cases 
bore one or more significant serum enzyme levels, permitting the presumption 
that detectable ‘‘myonecroses”’ accompanied the anginal episodes in one half 
of the cases in this series. This unexpected high incidence of enzyme-detectable 
myonecrosis in angina, together with a brief tabulation of 694 cases of trans- 
aminase-studied anginal patients available from the literature, is more fully 
presented in another paper." 

Group C comprised 11 patients with noncoronary artery disease who were 
admitted to hospital because of chest pain. One case of ‘‘neurocirculatory as- 
thenia’”’ with dehydrogenase evidence of tissue necrosis is presented. 


CONCLUSIONS 


1. A spectrum of enzyme sensitivity useful in the detection of ‘‘myonecro- 
sis’ is postulated. Both lactic and malic dehydrogenases appear to be more 
sensitive indicators of myonecrosis than is SGO-T. In this study some slight 
increase in sensitivity of the malic dehydrogenase enzyme over lactic dehydro- 
genase enzyme in individual sera from Groups A and B is seen. 

2. The clinical value of an arbitarily defined ‘borderline’ SGO-T range 
is suggested. 

3. Comparative dehydrogenase activities performed in the SGO-T border- 
line range may permit enzyme detection of myonecrosis which is otherwise 
unobtainable. 

4. The simultaneous use of two, three, or more different enzyme systems is 
suggested. This combination of enzyme systems may justify Wroblewski’s 
phrase, ‘“‘biochemical biopsy.”” The ‘biochemical biopsy’’ shows potential 
value in the direct and differential diagnosis of ‘“‘myonecrosis’’ presenting as 
chest pain. 


We wish to thank Dr. T. Abe, Dr. H. Doerwaldt, Dr. E. Drago, and Dr. T. Shelley for their 
unremitting cooperation in obtaining the timed blood samples that made this study possible. 
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The Use of a Vasopressor Agent as a Diagnostic Aid in Auscultation 
Lamar Crevasse, M.D.,* Gainesville, Fla. 


The usefulness of a vasopressor agent in converting the late systolic or 
atypical murmur of patent ductus to the typical continuous murmur has been 
recently reported.! Rapid changes in cardiac output and increases in aortic 
pressure can be quite useful in clarifying or intensifying certain murmurs, and 
is an unexplored field. 

The purpose of this study was to determine the clinical usefulness of rapid 
changes in cardiac output and aortic pressure on the intensity and graphic 
form of the common congenital and acquired heart lesions. The following cases 
were included in this study: aortic stenosis (5); pulmonic stenosis (5); tetralogy of 
Fallot with Blalock shunt (2); atrial septal defect (4); aortic insufficiency (6); 
mitral stenosis (3); mitral stenosis and insufficiency (4); mitral regurgitation 
(8); ventricular septal defect with and without pulmonary hypertension (6); 
pulmonic insufficiency secondary to atrial and ventricular septal defects (5); 
functional or contact murmurs (8). The changes in intensity and graphic form 
were recorded by a Sanborn Twin-Beam phonocardiogram before and during 
the height of the pressor response following the administration of 15 to 30 mg. 
of mephentermine sulfate (Wyamine){ intravenously. 

The vasopressor amine mephentermine sulfate increases aortic pressure 
by increasing myocardial contractility with little influence on peripheral arteriolar 
resistance.? After mephentermine, left atrial pressure may fall? and pulmonary 
arterial pressure may fall, remain unchanged, or rise only slightly.* 

It soon became apparent that increases in effective stroke volume produced 
by mephentermine would increase the intensity of all the systolic murmurs. 
However, the following clinically useful observations were made. 

In the past, Wiggers and Feil’ have demonstrated a striking elevation 
of the left atrial v wave in mitral regurgitation when aortic pressure is increased. 
Recently, Braunwald and associates* have shown that with any given mitral 
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regurgitant orifice, a stepwise increase in aortic pressure produces approximately 
parallel changes in mitral regurgitant flow, with a reciprocal fall of forward flow. 
Mephentermine will elevate the ventricular function curve, and increase mitral 
regurgitant flow, aortic pressure, and effective stroke volume.*® 
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MITRAL SYSTOLIC MURMUR FAINTLY AUDIBLE 
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B.P. AFTER 15mg WYAMINE |. V. 
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ACCENTUATION OF MURMUR OF MITRAL INSUFFICIENCY 
5 PAPER SPEED 75mm./Sec. 


Fig. 1.—S)-S2 = First and second heart sounds. The equivocal or atypical murmur of mitral insufficiency 
becomes characteristic, with vibrations throughout systole after Wyamine, 


These are clinically useful observations in that there is considerable ac- 
centuation and clarification of the graphic form of the murmur of mitral in- 
sufficiency after the administration of mephentermine. In situations in which 
the apical systolic murmur is atypical or minimal mitral regurgitation, vibrations 
will appear or become more apparent throughout systole. The murmur will now 
replace the first sound and engulf the second sound quite characteristic of mitral . 
regurgitation (Fig. 1). Frequently, late systolic accentuation appears, and this 
was not observed in other organic murmurs. Functional murmurs or contact 
sounds are not usually affected, save for occasional increase in intensity without 
alterations in duration or graphic characteristics. The murmur of mitral in- 
sufficiency when associated with mitral stenosis may become quite clear following 
mephentermine. 

Rapid increases in aortic pressure produce a striking accentuation of the 
murmur of aortic insufficiency. The elevation of the aortic diastolic pressure 
may account for the major increase in regurgitation through the incompetent 
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EVERTED AORTIC CUSP 


AFTER 30mg. MEPHENTERMINE LV. 
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MARKED ACCENTUATION OF MUSICAL MURMUR 


SEN. 4 3rd. L.1C.S. PAPER SPEED 75 mm/ Sec. 


Fig. 2.—S)-S2 = First and second heart sounds. With a rapid rise in aortic diastolic pressure the 
regurgitant flow increases and the murmur of everted cusp is strikingly accentuated. 


TRANSIENT DIASTOLIC MURMUR OF Al. 
AFTER 15 Mg. WYAMINE B.p. '90, 


INSUFFICIENCY 


MARKED ACCENTUATION OF AORTIC 


SEN. 5 3rd. L.ILC.S. PAPER SPEED 75mm. /Sec. 


Fig. 3.—Aortic insufficiency. S;-S2 = First and second heart sounds. The faint aortic diastolic 
murmur becomes louder and of greater duration after changes in aortic pressure. The heart rate has 
slowed slightly. 
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valve in diastole. This is best illustrated by appreciable increase in intensity 
on the easily recordable musical murmur of eversion of the aortic cusp, wherein an 
elevation in diastolic pressure of 40 mm. Hg produces a striking increase in the 
intensity of the murmur (Fig. 2). Fig. 3 shows the effect on the typical decrescendo 
murmur of aortic insufficiency. This maneuver is particularly helpful in verifying 
the murmur of aortic insufficiency when it is transient, heard only at the apex, 
or when the aortic second sound is slurred or there is an equivocal ‘“‘whiff’’ fol- 


lowing the second sound. 


PULMONIC INSUFFICIENCY 
ATRIAL SEPTAL DEFECT 


+- 


AFTER 20 mg. MEPHENTERMINE |.Y. 


3rd 1.1.C€.S. 


B.P. 140 
/30 
“BOTH PHONOS SEN, 5 PAPER SPEED 75 mm. / SEC, 


Fig. 4.—S)-S2 = First and second heart sounds. After mephentermine the systolic murmur has. 
increased considerably in magnitude, but the murmur of pulmonic insufficiency remains unchanged. 
The heart rate has remained essentially the same. 


The differentiation between aortic and pulmonic insufficiency is a difficult 
and unsolved clinical problem. Mephentermine will elevate aortic pressure 
substantially, but it produces insignificant changes in pulmonary arterial pressure. 

Fig. 4 shows the phonocardiogram before and after the effect of mephenter- 
mine on the murmur of pulmonic insufficiency associated with an operated case 
of atrial septal defect. With a comparable rate there is no appreciable change 
in the intensity of the diastolic murmur, since only minor alterations in pulmonary 
arterial pressure occur. The murmur was absent following surgery and on repeat 
administration of mephentermine. Clinically, the murmur of pulmonic in- 
sufficiency is usually unaffected, but occasionally it may become slightly accent- 
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uated with slowing of the rate. In contrast, there is a striking increase in the 
intensity and duration of the murmur of aortic insufficiency (Fig. 3), a useful 
differential feature. 

Mephentermine is particularly useful in widening the aortic-pulmonary 
pressure gradients and producing the continuous murmur in tetralogy of Fallot 
with a Blalock procedure in which the patency of the shunt is in question and 
only a systolic murmur is present (Fig. 5). 
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CONTINUOUS MURMUR APPEARS 


SEN. 5 PAPER SPEED 75 mm/sec. 


Fig. 5.—Tetralogy with Blalock shunt. S;-S2; = First and second heart sounds. The continuous mur- 
mur of the Blalock shunt appears after changes in cardiac output and aortic pressure, establishing the 
patency of the shunt in question. 


There are several useful points which should be stressed: (1) Mephentermine 
will accentuate and bring out the graphic characteristics of the murmur of 
mitral insufficiency in situations in which the murmur is equivocal or atypical. 
(2) Increases in aortic pressure will strikingly increase the intensity and duration 
of aortic insufficiency and verify its presence in ‘suspected or atypical cases. 
(3) Pulmonary arterial pressure is altered only slightly in relation to increases 
in aortic pressure by mephentermine, and the murmur of pulmonic insufficiency 
remains essentially unchanged, an important feature of differentiation from 
aortic regurgitation. (4) By raising aortic pressure and widening the aortic- 
pulmonic pressure gradient, the patency of a Blalock shunt can be determined 
because the continuous murmur will appear. (5) Functional murmurs or contact 
sounds are usually unaffected in duration or graphic characteristics. (6) The 
systolic murmurs of aortic and pulmonic stenosis, and atrial and ventricular 
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septal defects were all increased in intensity because of the ionotrophic action of 
mephentermine, and thus provided no useful differential features. 
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Intracardiac Phonocardiography: A Valuable Diagnostic Technique in 


Congenital and Acquired Heart Disease 


George A. Feruglio, M.D., Toronto, Canada 


Intracardiac phonocardiography represents a further attempt, following 
esophageal,! tracheal,? and epicardial phonocardiography,* to overcome the 
many limitations of the transmission of heart sounds and murmurs from their 
site of origin to the chest surface. 

In recent years, many techniques have been described for direct intracardiac 
sound recording. In 1954, Yamakawa and associates‘ reported the first intra- 
cardiac phonocardiograms recorded in the intact animal by means of a condenser 
microphone soldered to the leading tip of a catheter. In the same year, and more 
extensively in 1957, Soulié and associates®:® recorded intracardiac sounds with 
the aid of an intracardiac micromanometer. Lewis and associates,’ in 1957, 
reported the first group of patients with congenital and acquired heart disease 
who had been studied with an intracardiac microphone of barium titanate which 
was derived from the acoustic technology developed for undersea warfare. 
Luisada and Liu,’ in 1957, recorded intracardiac sounds by using glucose solution 
within a standard catheter as the carrier of sounds and a pressure transducer of 
high-frequency response situated:outside the body. Finally, in 1958, Moscovitz 
and associates? used a piezoelectric microphone sealed in the tip of a double- 
lumen catheter for the purpose of recording and correlating simultaneous me- 
chanical and acoustic events of the cardiac cycle in animals and in patients. 

Among these various techniques, that described by Lewis and associates’ 
has been proved’! to have, with the advantage of easy performance, the property 
of producing recordings of high quality. Moreover, it has been suggested!!:” 
that this technique, by providing precise localization of the source of heart 
sounds and murmurs, would not only increase knowledge of the site and mech- 
anism of production of cardiovascular sound, but would also be an important 
aid in the diagnosis of congenital and acquired heart disease. | 

It has been the purpose of this investigation to emphasize the clinical value 
of this technique by studying the intracardiac phonocardiograms in 160 patients 
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with congenital and acquired heart disease, and by correlating the intracardiac 
phonocardiographic features with the clinical and hemodynamic data, and 
with the angiocardiogram, the results of surgery, or postmortem findings when 
available. 


MATERIAL AND METHODS 


The 160 patients included in this study ranged in age from 31% to 59 years. One hundred of 
these patients were fully investigated in the Cardiovascular Unit of the Toronto General Hospital 
and the remaining 60 in the Cardiovascular Center of the University of Padua.* 

Intracardiac sounds in all patients were obtained by means of the phonocatheter described 
by Wallace, Brown, Lewis and Dietz." 

The microphone is incorporated in the leading tip of the catheter. It consists of a hollow 
cylinder of activated barium titanate, which has the properties of a piezoelectric crystal in that 
it is able to convert the sonic vibrations into electrical current. It is 44 inch in length, has an outer 
diameter of 0.038 inch, and is soldered to a coaxial cable of the same diameter and approximately 
5 feet long. Both the barium titanate element and the coaxial cable are protected with a non- 
irritant plastic coating, which prevents direct contact of the sound transducer with the blood and 
cardiac walls (a possible source of artefact) and allows tteatment of the catheter with antiseptic 
solutions for sterilization purposes. The barium titanate transducer cannot be autoclaved because 
it is inactivated by high temperatures. 

The voltage output of the barium titanate microphone is very small and requires the use ofa | 
specially designed preamplifier before being fed into a recording apparatus for routine chest 
phonocardiography. The preamplifier used for this investigation is a three-stage transistorized 
amplifier, which has an essentially flat response from 30 to 10,000 c.p.s.t 

A two-channel photographic recorder (Sanborn Twin-Beam) was used for most of this work. 
This apparatus provides logarithmic and stethoscopic curves of amplification. A three-channel 
(Moedek and Shérner, Multicard) or an eight-channel (Electronics for Medicine, DRS Research 
Recorder) photographic recorder was also used. Intracardiac phonocardiograms were recorded 
routinely with an electrocardiogram as a reference tracing and with a simultaneous chest phono- 
cardiogram for comparison studies. 

Recordings on tape were also obtained by using the Sanborn-Ampex heart sound tape recorder. 


In all instances intracardiac sound recordings were combined with routine right heart cath- 
eterization, during which pressure measurements and blood samples for oxygen studies were 
obtained and the cardiac output estimated by the direct Fick principle. Also, in the majority 
of cases, dye dilution studies were carried out by injecting T-1824 or cardiogreen at various sites 
and by sampling at the right ear by means of an ear oximeter." 

The sound catheter was introduced into the cavities of the heart after the routine heart 
catheterization had been completed. The phonocatheter could be clearly seen by means of fluoros- © 
copy because of its metallic components (Fig. 1). Localization of the sound transducer within 
the heart chambers and great vessels was made possible by reference marks placed on the fluoro- 
scopic screen during routine heart catheterization, for location of the valve orifices. 

In addition to right heart catheterization, 24 patients with chronic rheumatic heart disease, 
involving the mitral or the aortic valve or both, had left heart catheterization via the transthoracic 
route. Another 32 had a biplane selective angiocardiogram recorded at a speed of 2 to 12 frames 
per second. Finally, 68 had surgical correction of their cardiac lesions,f and in 8 there was post- 
mortem examination. 


*Prof. A. Dalla Volta, Director. 
tPhonocatheters and preamplifiers used in this investigation were built and made available to the 
author by the U. 8. Naval Air Development Center of Johnsville, Pa. 
tDr. W. G. Bigelow, Dr. R. O. Heimbecker, Dr. J. A. Key (University of Toronto and Toronto 
General Hospital), and Prof. G. Ceccarelli (Clinica Chirurgica, University of Padua) carried out the 
surgery in these patients. 
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RESULTS 


The diagnoses in the 160 cases included in this study are given in Table I. 
Table II presents the cases in which selective angiocardiography, surgery, or 
postmortem examination were carried out. Following is a summary of the in- 
tracardiac phonocardiographic findings in each diagnostic group. 


Normal Hemodynamic Findings.——The 20 patients, ranging from 6 to 45 
years of age, who had normal hemodynamic findings in the right chambers of the 
heart and pulmonary artery showed the following intracardiac phonocardio- 
graphic features (Fig. 2): Within the pulmonary artery the first heart sound was 
very rudimentary or absent. The second sound was loud and single, representing 
the pulmonary valve closure. A soft systolic ejection murmur was recorded in all 
patients. This murmur was present in simultaneous external phonocardiograms 
in 9 patients only (Fig. 3). Within the right ventricle the first heart sound was 


Fig. 1.—The sound catheter as it appears on the fluoroscopic screen. 


recorded as a single group of vibrations occurring 0.06 to 0.08 second after the 
onset of the QRS complex, which in normal subjects is the time of the tricuspid 
closure. The second sound was rudimentary or absent (Fig. 2). Within the right 
atrium both the first and the second heart sounds were present in 10 out of 20 
patients. They were of reduced intensity compared with those recorded in the 
ventricle and pulmonary artery. In only 2 patients was a fourth heart sound of 
moderate intensity observed, occurring 0.05 second after the onset of the P wave. 
In 9 patients no sounds at all were recorded. 


In 3 subjects (4, 9, and 22 years old, respectively) with normal hemodynamic 
findings in both sides of the heart the sound catheter crossed a patent foramen 
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ovale and entered the /eft atrium and left ventricle. Within the latter chamber 
(Fig. 4) the first sound was recorded as a single group of vibrations which were 
much louder than the first sound recorded in the right ventricle. These vibrations 
occurred 0.04 to 0.06 second after the onset of the QRS complex (which is the 
time of the mitral valve closure) and 0.02 second before the first sound recorded 
within the right ventricle. The second sound in the left ventricle was recorded as a 
rudimentary group of vibrations. No sounds were recorded within the left atrium 
in these 3 normal subjects. 


4 ; 
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Fig. 2.—Intracardiac phonocardiogram in a subject with normal hemodynamic findings. A, Pulmonary 
artery. B, Right ventricle. C, Right atrium. 


Ventricular Septal Defect—Of the 21 patients with ventricular septal defect 
(V.S.D.), 16 had uncomplicated ventricular septal defect and 5 had associated 
pulmonary hypertension. 

In all 16 patients of the former group a very loud pansystolic murmur was 
recorded within the right ventricle (Fig. 5). In addition, in 9 patients an early 
diastolic murmur of low intensity was observed. Both these murmurs disap- 
peared abruptly when the sound transducer was moved out of the right ventricle. , 
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In the pulmonary artery an ejection murmur of varying intensity, ending before 
or with a loud pulmonary closure, was observed (Fig. 5). No murmurs were 
recorded within the right atrium. 


TABLE I. CLintcAL DIAGNosIs IN 160 CAsEs STUDIED BY INTRACARDIAC PHONOCARDIOGRAPHY 


DIAGNOSIS NUMBER OF CASES 


Congenital Heart Disease 97 
Ventricular septal defect 
Atrial septal defect 
Lutembacher’s syndrome 
Persistent atrioventricular canal 
Tetralogy of Fallot - 
Pentalogy of Fallot 
Tricuspid atresia 
Isolated pulmonary valvular stenosis 
Idiopathic pulmonary artery dilatation 
Patent ductus arteriosus 
Common truncus 
Isolated anomalous pulmonary veins 
Chronic Rheumatic Heart Disease 
Mitral stenosis 
Mitral stenosis and tricuspid insufficiency 
Mitral stenosis and insufficiency 
Aortic stenosis and insufficiency 
Mitral and aortic valvular disease 
Primary Pulmonary Hypertension 
Chronic Cor Pulmonale 
Idiopathic Cardiac Enlargement 
Intrathoracic A-V Fistula 
Normal Catheterization Findings 


Total 


TABLE II. CASES IN WHICH SELECTIVE BIPLANE ANGIOCARDIOGRAPHY, SURGERY, OR POSTMORTEM 
EXAMINATION WERE CARRIED OUT 


NUMBER OF CASES 


DIAGNOSIS 
BIPLANE ANGIO- 
CARDIOGRAPHY SURGERY POSTMORTEM 


Ventricular septal defect 

Atrial septal defect 

Lutembacher’s syndrome 

Persistent A-V canal 

Tetralogy of Fallot 

Pentalogy 

Tricuspid atresia 

Isolated pulmonary stenosis 

Patent ductus arteriosus. 

Isolated anomalous pulmonary veins 
Mitral stenosis 

Mitral stenosis and tricuspid insufficiency 
Mitral stenosis and insufficiency 
Aortic stenosis and insufficiency 
Aortic and mitral valve disease 


Total 
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In the 5 patients with V.S.D. and associated pulmonary hypertension (80 
to 120 mm. Hg systolic) and bidirectional shunt, a systolic murmur (pansystolic 
in 2 patients and with mid- or late systolic accentuation in the remaining 3) 
was recorded within the right ventricle, together with an early diastolic murmur, 
loudest in the outflow ‘tract. In the pulmonary artery a soft ejection murmur 
with a very loud pulmonary closure was observed. 
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Fig. 3.—Simultaneous intracardiac and external phonocardiograms from within the pulmonary 
artery and the second left intercostal space in a normal subject. A soft mid-systolic murmur is present 
in both tracings. Taking the intracardiac phonocardiogram as a reference, the pulmonary component 
of a split second sound on the external phonocardiogram can be identified. 


Q-ist SOUND = 0,04 sec. 


+. 


Q - 1st SOUND = 0,06 sec. 


Fig. 4.—Intracardiac phonocardiogram in a normal subject. A, From within the left ventricle; 
B, from within the right ventricle. In the left ventricle the first heart sound is much louder and it occurs 
0.02 sec. earlier than in the right ventricle. In the left ventricle, only the mitral closure is recorded, and 
in the right ventricle, only the tricuspid closure. 
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A few problem cases of V.S.D. included in this series are worthy of mention. 
In 2 patients, despite the finding of a significant rise in oxygen in the right atrium. 
with no further rise in the right ventricle, suggesting an atrial septal defect 
rather than a ventricular septal defect, a loud pansystolic murmur recorded 
within the latter chamber led to the correct diagnosis of V.S.D., and this was 
proved later at surgery. In another patient with V.S.D. a significant rise in oxygen 
was detected only within the pulmonary artery, and despite the clinical picture, 
the catheterization findings suggested a patent ductus arteriosus. Again, the 
intracardiac phonocardiogram revealed a loud pansystolic murmur within the 
right ventricle and enabled the correct diagnosis to be made. One patient in whom 
the diagnosis at right heart catheterization was that of an isolated infundibular 
pulmonary stenosis (no shunt was detected by oxygen and dye dilution studies) 
had a rather large third infundibular chamber, which was demonstrated by selec- 
tive angiocardiography. While the sound catheter was lying within this low- 


Fig. 5.—Uncomplicated ventricular septal defect. A loud pansystolic murmur (B) which is the 
equivalent of that heard over the mid-precordium is localized within the right ventricle. C, No murmurs 
are recorded within the right atrium, and ‘within the pulmonary artery (A) a mid-systolic murmur 
and a loud pulmonary closure are present. 
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pressure cavity, a very loud “ pansystolic’”’ murmur was recorded and the diagnosis 
of a V.S.D. facing the infundibular chamber was suggested. Surgery was performed 
to relieve pulmonary stenosis, and a V.S.D. less than 1 cm. in diameter was found 
and successfully closed. 


Fig. 6.—Tetralogy of Fallot. A, A loud systolic ejection murmur is recorded within the pulmonary 
artery, with a soft, delayed pulmonary closure. B, A very soft systolic murmur is present within the 
aorta. C, No murmurs are recorded within the right ventricle, suggesting that the ventricular septal 
defect in this case is silent. 


Tetralogy of Fallot—In the 15 patients who had tetralogy of Fallot with 
infundibular stenosis the intracardiac phonocardiogram revealed no murmurs 
within the right ventricle (Fig. 6), in which a loud first sound and a relatively 
loud second sound, the latter corresponding in time with the aortic closure, 
were recorded. Within the aorta, which was entered in 6 patients, a very soft 
ejection murmur was observed, followed by a loud aortic closure (Fig. 6). Within 
the pulmonary artery and its main branches a very loud, long, diamond-shaped 
murmur was recorded, which ‘‘overflowed”’ the aortic closure and ended with a 
soft, delayed pulmonary second sound. This murmur disappeared gradually as 
the catheter was being withdrawn across the infundibulum into the right ventricle 


(Fig. 9,A). 
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In these 15 patients the pulmonary closure was always recorded on the 
intracardiac phonocardiogram, although it was not audible or recordable from the 
chest in 11 patients. During the pullback of the phonocatheter from the pulmonary 
artery into the right ventricle the pulmonary sound disappeared long before 
the systolic murmur. Simultaneous recordings by phonocatheter from the pul- 
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Fig. 7.—Tetralogy of Fallot. Simultaneous recordings from within the pulmonary artery by the 
sound catheter and externally from the mid-precordium where a loud aortic closure is recorded. The 
systolic murmur within the pulmonary artery overflows the aortic closure and there is a 0.16 sec. in- 
terval between the aortic and the pulmonary closure indicative of severe pulmonary stenosis. 


he 


Fig. 8.—Isolated valvular pulmonary stenosis. A, A very loud ejection murmur with a soft, delayed 
pulmonary closure is recorded within the pulmonary artery, whereas no murmurs are present within 
the right ventricle, B. A, Simultaneous recordings from within the pulmonary artery and externally 
from the second right intercostal space show how the murmur overflows the aortic closure and how the 
pulmonary closure is delayed 0.12 sec., as compared with the aortic closure which indicates severe pul- 
monary stenosis. 


=3 _ 
| 
ees 


December, 


sievoddestp oinsojo Areuoulnd oy} OY} OFUT SOATVA 94} JO Bulinp Ajueppns sivoddestp A104 
Arveuowy[nd oy} Ul ANUIANUI PNO[ AreuouT[Nd “ANULINUI Zuol srveddestp punos puooes Areuowynd 
-OUl[Nd UTeUl 949 UIWITM PUNOS 04} JO [PMBIPYIIM snonuyuoo oy, seynqrpunjuy ‘y—'6 


SISON3LS AYVNOWINd YVINATVA 


Am. Heart J. 
836 1959 
a 
HEE 
tet 
z iz 
Coa 
; 
253 | 


INTRACARDIAC PHONOCARDIOGRAPHY 837 


monary artery and by chest microphone from the mid-precordium (where the 
aortic closure is well recorded) revealed a delay in the pulmonary closure up to 
0.17 second as compared with the aortic. In all cases there was a good correlation 
between the aorto-pulmonary closure interval and the pressure gradient across 
the infundibular stenosis. Intervals of 0.12 second or over were always accom- 
panied by pressure gradients of 100 mm. Hg or more (Fig. 7). 


Fig. 10.—Patent ductus arteriosus. A and B, A continuous murmur is localized within the pulmonary 
artery. No murmurs are recorded within the right ventricle (C) and right atrium (D). 


Fig. 11.—Patent ductus arteriosus. The continuous machinery murmur recorded within the pul- 
monary artery disappears suddenly once the sound catheter is withdrawn across the pulmonary valves 
into the right ventricle. (H.F., 300 to 600 c.p.s.; L.F., 30 to 300 c.p.s.) 


Isolated Pulmonary Valvular Stenosis ——Isolated pulmonary valvular stenosis 
was encountered in 4 patients. The diagnosis was confirmed by selective angio- 
cardiography in all patients and at surgery in 2 patients. Within the pulmonary 
urtéry in all patients a very loud, diamond-shaped murmur and a soft, delayed 
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pulmonary closure were recorded (Fig. 8). The murmur disappeared abruptly 
when the sound catheter was withdrawn from the pulmonary artery into the 
right ventricle (Fig. 9,B), unlike the gradual disappearance observed in in- 
fundibular stenosis (Fig. 9,4). There was good correlation between the delay in 
pulmonary closure and the pressure gradient across the pulmonary valves as in 
cases of infundibular pulmonary stenosis (Fig. 8). No murmurs were recorded 
within the right ventricle and right atrium. 


E.c.G. 


Fig. 12.—Simultaneous recordings from the second left intercostal space and from within the pul- 
monary artery in a subject clinically suspected of having patent ductus arteriosus. Whereas on the 
external recording there is a systolic and an early diastolic murmur, no murmurs are recorded within 
the pulmonary artery, which finding excludes the possibility of patent ductus arteriosus. 


Patent Ductus Arteriosus.—Of the 15 patients with this condition, 12 had an 
uncomplicated patent ductus arteriosus (P.D.A.) with a typical continuous 
machinery type of murmur in the second and third left intercostal spaces. One 
patient had severe pulmonary hypertension, bidirectional shunt, a mid-systolic 
murmur at the base on auscultation, and a very loud second sound followed by an 
early, blowing diastolic murmur along the left sternal border in the third and 
fourth left intercostal spaces. The remaining 2 patients had normal pulmonary 
pressures, no significant rise in oxygen at any level, and a soft, systolic murmur 
in the first and second left intercostal spaces as the only auscultatory sign. 

_ The intracardiac phonocardiogram in all 15 patients showed a loud, continu- 
ous, machinery type of murmur within the pulmonary artery and its main 
branches (Fig. 10). This murmur was typical even in those 2 patients in whom only 
a soft systolic murmur was audible over the chest. 
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The murmur of P.D.A. was present only within the pulmonary artery. At 
times it was loudest at the bifurcation or in the left pulmonary artery. It dis- 
appeared suddenly when the sound transducer was withdrawn from the pulmonary 
artery into the right ventricle (Fig. 11). In this chamber and in the right atrium 
no unusual findings were observed (Fig. 10.). 


Fig. 13.—Uncomplicated atrial septal defect. A, No murmurs are recorded within the right atrium. 
B, A mid-systolic murmur, louder than in normal subjects, is present within the pulmonary artery. 


Fig. 14.—Whereas in cases of atrial septal defect with relatively small left-to-right shunts and 
pulmonary flow less than three times the systemic flow, no murmurs are usually encountered in the 
right ventricle, in cases with greater left-to-right shunts a mid-diastolic or presystolic murmur is com- 
monly present within the inflow tract of the right ventricle. The figure demonstrates such a case. The 
diastolic murmurs disappear after surgical closure of the septal defect, suggesting that they are due to 
the increased flow across the tricuspid valve. In the majority of cases of uncomplicated atrial septal 
defect a very loud tricuspid closure is recorded within the right ventricle. 
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All patients with P.D.A., except the one with severe pulmonary hypertension 
(whose diagnosis was confirmed by means of a retrograde aortogram), had surgical 
closure of their ductus. The 2 patients with uncomplicated P.D.A., who had 
only a basal systolic murmur on auscultation, but a typical machinery type of 
murmur within the pulmonary artery, revealed at surgery a rather small patent 
ductus. It is noteworthy that in these two cases intracardiac phonocardiography 
was the only diagnostic technique which led to the correct diagnosis. 
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Fig. 15.—Lutembacher’s syndrome with atrial fibrillation. A, A mid-diastolic murmur within 
the inflow tract of the left ventricle in this condition is diagnostic of mitral obstruction despite the 
absence of any significant pressure gradient across the mitral valve. B, A mid-diastolic murmur is re- 
corded also within the right ventricle because of the increased flow across the tricuspid valve. On auscul- 
tation these two murmurs could not be separated. 


The intracardiac phonocardiogram has been most helpful not only in estab- 
lishing but in ruling out as well the diagnosis of P.D.A. in the presence of ausculta- 
tory signs or catheterization findings simulating such a condition. In fact, P.D.A. 
could be excluded in one case of ventricular septal defect with aortic insufficiency, 
in two cases of ventricular septal defect with pulmonary insufficiency, in one 
case of intrathoracic arteriovenous fistula, and in one case of aortic stenosis and 
insufficiency (Fig. 12). Intracardiac phonocardiograms in these cases showed that 
the ductus-like auscultatory features were not originating from the pulmonary 
artery. | | 
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Atrial Septal Defect.—Intracardiac phonocardiography in 29 patients with 
atrial septal defect (A.S.D.) has been most helpful in excluding associated congeni- 
tal malformations (e.g., ventricular septal defect) and localizing the site of — 
of the many auscultatory features in this condition. 


In 12 patients with uncomplicated A.S.D. who had a pulmonary blood flow 
less than three times the systemic, no murmurs or unusual findings were recorded 
within the right atrium and right ventricle. In the pulmonary artery (Fig. 13) 
an ejection murmur of varying intensity was recorded along with a loud pulmonary 
closure. Both the murmur and the pulmonary sound increased in intensity during 
inspiration. The intensity of the murmur was considerably decreased after 
surgical closure of the defect in 5 patients who were catheterized postoperatively. 


. 16.—Pure mitral stenosis with apical systolic murmur. This murmur is localized by the sound 
catheter at the tricuspid valve. It becomes louder during inspiration. ° 


In the 17 patients with A.S.D. who had a pulmonary blood flow over three 
times the systemic, a mid-diastolic or a presystolic murmur was recorded within 
the inflow tract of the right ventricle (Fig. 14), suggesting relative tricuspid 
stenosis secondary to the increased flow across this valve. This murmur dis- 
appeared in the 10 patients who underwent surgical closure of the septal defect 
and had postoperative catheterization. 


In no cases of uncomplicated A.S.D. were murmurs recorded within the 
right atrium or left atrium or on pullback of the sound catheter across the septal 
defect. 


Other Diagnostic Groups.—In one of the 2 patients with surgically proved 
Lutembacher’s syndrome, in whom the sound catheter entered both sides of the 
heart, a mid-diastolic murmur was recorded in the inflow tract of both the right 
and left ventricles (Fig. 15). The latter finding suggested mitral stenosis, although 
no significant pressure gradient was recorded across the mitral valve. In 2 patients 
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with tricuspid atresia a mid-diastolic murmur was recorded in the inflow tract 
of the left ventricle. In 1 patient with persistent atrioventricular canal a pan- 
systolic regurgitant murmur was recorded within the atrial chambers, suggest- 
ing either mitral or tricuspid incompetence, and a pansystolic murmur of much 
greater intensity was recorded in the outflow tract of the right ventricle, indica- 
tive of a defect of the interventricular septum, with left-to-right shunt at this 
level. 


Acquired Heart Disease-—In acquired valvular heart disease, intracardiac 
phonocardiography has not been so helpful as in congenital heart disease. Never- 
theless, it has been useful in clarifying some puzzling auscultatory findings, such 
as a systolic apical murmur in pure mitral stenosis, or an early opening snap in 
tight mitral stenosis, often mistaken for a loud delayed pulmonary closure. 


Of the 18 patients with pure mitral stenosis, 6 had, on chest auscultation, 
a definite apical systolic murmur which was localized in the inflow tract of the 
right ventricle, and in the mid-lower part of the right atrium by phonocatheter, 
indicative of tricuspid insufficiency. All of these 6 patients had elevated pul- 
monary pressure (80 to 110 mm. Hg) and dilated right ventricle on fluoroscopy. 
The sign of Rivero Carvallo (increased intensity of the systolic murmur during 
inspiration) was positive in all patients on intracardiac phonocardiography 
(Fig. 16), whereas on auscultation it was positive in 2 patients only. 


Simultaneous recordings from the chest (apex or mid-precordium) and 
within the pulmonary artery allowed differentiation between a delayed pulmonary 
closure and a mitral opening snap in 3 patients with severe mitral stenosis 
(Fig. 17). 


Intracardiac phonocardiography was helpful in defining. right-sided gallop 
bruits in 2 patients with combined stenosis and insufficiency of the mitral valve. 


Extracardiac Sounds and Respiratory Maneuvers.—Extracardiac sounds 
which may arise from the pericardium, mediastinal vessels, pleurae, lungs, 
bronchi, chest wall, or digestive tract, and can affect so easily the ordinary external 
phonocardiogram, do not interfere with intracardiac sound recordings. As a 
consequence of this, intracardiac phonocardiograms are, in some conditions, the 
only faithful reproduction of the cardiac sounds. 


The effects of respiratory maneuvers on heart sounds and murmurs are on 
many occasions useful in differentiating right- from left-sided events and in 
defining fixed or reversed splitting of the second sound. However, not infre- 
quently these effects are obscured on auscultation because of changes in the 
position of the heart during respiration, interposition of lung tissue between the 
heart and the chest wall, and interference from respiratory noises. 


The actual respiratory effects on right-sided cardiovascular sounds can always 
be detected by intracardiac phonocardiography, as in Fig. 18, where it is shown 
that the effects of inspiration on a pulmonary ejection murmur can be evaluated 
only on the intracardiac recording and not on the simultaneous chest phono- 
cardiogram. 
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DISCUSSION AND CONCLUSIONS 


In agreement with the observations of Lewis and associates,’ in all subjects 
with normal hemodynamic findings included in this series a rather soft systolic 
murmur was present within the pulmonary artery. This murmur had the char- 
acteristics of a flow murmur; it was high-pitched, had a mid-systolic accentuation, 
and ended before the pulmonary closure. In simultaneous recordings from the 
second intercostal space this murmur was observed in less than 50 per cent of the 
cases. No close relationship was noted between the loudness of the murmur 
within the pulmonary artery and its presence or intensity on simultaneous 
chest recordings. Therefore, factors other than the characteristics of the murmur 
itself must be involved in the transmission of this “‘physiologic’”” murmur to the 
surface of the thorax. 

Analysis of the results in cases of congenital heart disease, which represent 
61 per cent of the entire series, shows that intracardiac phonocardiography 
was of diagnostic value in many instances; in others it provided useful information 
as to the site and mechanism of production of the complex auscultatory signs. 


In cases of isolated ventricular septal defect, a pansystolic murmur, sharply 
localized within the right ventricle, was a diagnostic sign even in cases in which 
oxygen studies were doubtful, or suggested the presence of an interatrial or 
aorto-pulmonary shunt, rather than an interventricular one. The intracardiac 
phonocardiogram was particularly useful in diagnosing small ventricular septal 
defects causing shunts not detectable by oxygen or dye dilution studies. 

In cases of tetralogy of Fallot no murmurs were recorded within the right 
ventricle, and only a very soft ejection murmur was present in the aorta (Fig. 6). 
This confirms the fact that the defect of the interventricular septum in this 
condition is usually silent, as already suggested,:!® and that the loud ejection 
murmur recorded within the pulmonary artery is responsible alone for the harsh 


systolic murmur audible over the precordium. It is of interest to note that . 


whereas the pulmonary closure was present on the ordinary chest phonocardio- 
gram in only 20 per cent of our cases, and in only 15 per cent of the cases with 
infundibular stenosis in other series,'* it was always present in the intracardiac 
phonocardiogram recorded from the pulmonary artery. This allowed measure- 
ment in every case of the delay in pulmonary closure compared with the aortic, 
and confirmed that there is a good correlation between this delay and the pressure 
gradient between the right ventricle and pulmonary artery, as suggested by 
various authors.!7+18 

The two consistent and entirely different intracardiac phonocardiographic 
patterns in valvular and infundibular pulmonary stenosis (Fig. 9), even when 
the pressure tracings were equivocal, established the differentiation between 
the two types of lesion. It is not fully understood why the murmur in infundibular 
pulmonary stenosis disappears gradually during pullback of the phonocatheter 
from the pulmonary artery into the right ventricle. Probably, within the in- 
fundibulum, where the blood velocity is higher, the murmur becomes so high- 
pitched that some of its vibrations are not recorded, or are recorded at lower 
intensity by the phonocardiograph. 
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In cases of patent ductus arteriosus, in agreement with Lewis’ observations,’ 
and our previous experience,!®"!® the intracardiac phonocardiogram has been 
of diagnostic value. A continuous machinery type of murmur, localized within 
the pulmonary artery, and loudest at times at the bifurcation or in the left pul- 
monary artery, was the typical diagnostic sign in this condition. It is of great 
interest to observe that this murmur was present within the pulmonary artery, 
even in cases of patent ductus arteriosus which showed atypical auscultatory 
findings on clinical examination and normal hemodynamic features at right heart 
catheterization. Lewis and associates’ described one of such cases in their series. 
Patent ductus arteriosus with absence of a continuous murmur is not infrequent”®; 
this condition represented 5 to 10 per cent of all cases in a recent series™! and in 
our Own experience. 


Intracardiac phonocardiography has been of diagnostic value not only in 
establishing but in excluding as well the diagnosis of patent ductus arteriosus 
in the presence of auscultatory and catheterization findings simulating such a 
condition, namely, other types of intrathoracic arteriovenous fistulae, ventricular 
septal defect with aortic or pulmonary insufficiency, mild aortic stenosis and 
insufficiency. 


In cases of uncomplicated atrial septal defect, intracardiac phonocardi- 
ography has been very helpful in excluding possible associated congenital lesions, 
such as ventricular septal defect, and in achieving confirmation of the site and 
mechanism of production of the many auscultatory signs in this condition.”-* 
The basal systolic murmur has been localized within the pulmonary artery in 
agreement with previous observations by Soulié and co-workers,’ Feruglio and 
Dalla Volta," and Luisada and Testelli,?® and the mid-diastolic and presystolic 
murmurs have been localized within the inflow tract of the right ventricle, due to 
the increased blood flow across the tricuspid valve, as suggested by various 
authors.”-** Similar mid-diastolic and presystolic murmurs have been localized 
within the inflow tract of the left ventricle in cases of tricuspid atresia. No mur- 
murs attributable to flow were recorded across the septal defect in cases of atrial 
septal defect with uni- or bidirectional shunt; this is a conclusion not shared pre- 
viously by others.”*:?7 


In cases of Lutembacher’s syndrome the presence of a mid-diastolic or 
presystolic murmur within the inflow tract of the left ventricle is a diagnostic 
sign of mitral obstruction even in the absence of a significant pressure gradient 
across this valve. 


In cases of persistent atrioventricular canal a loud pansystolic murmur 
within the right ventricle (indicating a left-to-right shunt at this level) associated 
with a systolic regurgitant murmur within the atria (due to mitral or tricuspid 
incompetence) were two signs favoring the diagnosis. 


When the results obtained in acquired heart disease were analyzed, it was 
shown that intracardiac phonocardiography has only a few practical applications, 
such as in establishing the tricuspid origin of the apical systolic murmur in pure 
mitral stenosis (due to relative tricuspid insufficiency), in differentiating between 
a mitral opening snap and a delayed pulmonary closure (by means of simultaneous 
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recordings from within the pulmonary artery and externally from the mid- 
precordium or the apex), and in defining right-sided gallop rhythm. 

In both congenital and acquired heart disease, intracardiac phonocardi- 
ography has been of value in differentiating intra- and extracardiac sounds, and it 
has provided faithful records of the actual effects of respiration on heart sounds 
and murmurs. 

Special attention has been paid in this investigation to the fact that in 
intracardiac phonocardiography, sounds and murmurs, even loud ones, are 
sharply localized in one chamber or vessel and are not recordable in any other 
contiguous cavity. This problem is still under investigation. At present it can be 
said only that even by using full amplification in the recording system, murmurs 
could not be recorded in any other chamber except that which received the 
blood flow responsible for their production. 


SUMMARY 


With the aid of a barium titanate microphone incorporated in the tip of a 
specially designed catheter, intracardiac phonocardiograms were recorded in 160 
subjects, of whom 20 had normal hemodynamic findings, 97 had congenital heart 
disease, and the remainder had acquired heart disease. 

The normal intracardiac phonocardiographic patterns from both the right 
and left cavities of the heart are described. The diagnostic value of intracardiac 
phonocardiography in congenital and acquired heart disease is stressed. 

On intracardiac sound recordings, murmurs are sharply localized in that 
chamber or vessel which receives the blood flow responsible for their production. 
Therefore, in the presence of uncomplicated ventricular septal defect, a pan- 
systolic murmur is recorded only within the right ventricle; in cases of patent 
ductus arteriosus a continuous murmur is recorded only within the pulmonary , 
artery. Both these conditions could be diagnosed or excluded with certainty, 
even when oxygen studies and clinical signs were equivocal. In cases of pulmonary 
stenosis an ejection murmur was recorded only within the pulmonary artery and 
its branches. Infundibular and valvular pulmonary stenosis showed different 
patterns during withdrawal of the sound catheter into the ventricle. This allowed 
differentiation between the two types of lesion. In atrial septal defect it was 
confirmed that murmurs and sounds are produced by the increased flow across 
the tricuspid and pulmonary valves, rather than by the flow across the defect. 
In cases of Lutembacher’s syndrome a mid-diastolic or presystolic murmur in 
the inflow tract of the left ventricle was a diagnostic sign. 

In cases of pure mitral stenosis with apical systolic murmur the tricuspid 
origin of the murmur could be established. Simultaneous chest and intracardiac 
phonocardiograms allowed differentiation between valve closure and early 
diastolic sounds and between intra- and extracardiac sounds. 


The author wishes to thank Dr. R. W. Gunton, Dr. W. F. Greenwood, Dr. W. G. Bigelow, 
and Dr. R. O. Heimbecker for their valuable advice and encouragement; Dr. D. H. Lewis and Dr. 
J. D. Wallace for providing the necessary equipment, and Dr. S. Dalla Volta, Dr. A. Sreenivasan, 
and Dr. T. A. Bayley for their help in the investigation of cases. 
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Seventies of the Treatment of Hypercholesteremia With Nicotinic Acid, 
Sitosterol, and Safflower Oil 


Kenneth G. Berge, M.D.,* Richard W. P. Achor, M.D.,* Nelson W. Barker, M.D.,** 
and Marschelle H. Power, Ph.D.,*** Rochester, Minn. 


The association of hypercholesteremia and atherosclerosis has stimulated 
attempts to reduce elevated levels of cholesterol in the blood by various means. 
In 1955, Altschul and associates! observed that large oral doses of nicotinic acid 
effectively decreased concentrations of cholesterol in the serum of human beings 
during a short-term investigation. Subsequently, a number of studies have con- 
firmed the effectiveness of such use of this agent in man over prolonged periods.?-7 
Furthermore, it has been shown that large oral doses of nicotinic acid prevent or 
diminish the atheromatosis of cholesterol-fed rabbits in addition to reducing the 
level of serum cholesterol.*-!° Our experience in using large doses of nicotinic acid 
in the treatment of hypercholesteremia, which includes 54 patients followed 
from 3 months to more than 3 years, indicates that such treatment is practical 
and effective for long periods even when there is no qualitative or quantitative 
alteration in the intake of dietary fat. The present study was undertaken to assess 
further the clinical use of large doses of niacin in the treatment of hypercholester- 
emia by comparing its effectiveness with that of two other agents in current use, 
namely, safflower oil and sitosterol. 


METHODS 


Ten patients with hypercholesteremia who had received large doses of nicotinic acid (niacinf) 
for intervals of 9 to 17 months, and who had received a placeboft for 3 months were selected for 
study. The daily dose of nicotinic acid per patient during the period of study ranged from 4.5 
to 6 Gm., and averaged 5.3 Gm. This interval comprised the 3 months or longer that each patient 
was on his maximal dosage. The nicotinic acid was given in divided doses with each meal. The 
effects of safflower oil and sitosterol were studied for 3 months each. An emulsion of safflower oil 
(Safft), containing 46 per cent linoleic acid glyceride, was given in the dose of 1 fluid ounce (30 c.c.) 
three times daily, usually during or immediately after meals. Sitosterol was given in the amount of 
~ 1 fluid ounce of a 20 per cent suspension of beta-sitosterol and dihydro-beta-sitosterol (Cytellint) 
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before each meal or snack. No other changes were made in treatment during any period of study, 
and the patients were advised to follow the same diets which they had used prior to, and during 
earlier phases of, the study. Weights were recorded periodically. 

Observations also were made on 9 of the patients during the simultaneous administration of 
sitosterol and nicotinic acid for an additional period of 3 months. During the period of combined 
treatment the daily dose of nicotinic acid ranged from 3 to 6 Gm., and averaged 4.3 Gm., per 
patient. The results were compared with an earlier period of at least 3 months during which the 
patient received the same smaller dosage of niacin alone. During all studies, determinations of 
plasma cholesterol were made at intervals of 2 to 4 weeks, and all patients were seen once a month 
as outpatients, at which time clinical observations were made and supplies of medications given. 


TABLE I. INFORMATION CONCERNING PATIENTS SELECTED FOR STUDY 


CASES OR YEARS 


Age (yr.): 
Range 
Average 


Male 
Female 
Clinical Diagnosis: 
Known familial hypercholesteremia 
Disease of coronary arteries 
Arteriosclerosis obliterans 
Cerebrovascular disease 
Xanthoma tuberosum 


36-64 
51 


Sex 


Wwe 


RESULTS 


The clinical data relating to the 10 patients studied are summarized in Table 
I. In no case was diabetes mellitus or hypothyroidism present. The mean value 
for plasma cholesterol during the 3 months that the patients received a placebo, 
and the percentage decrease during the 3 months in which they received the 
maximal dosage of niacin, safflower oil, and sitosterol are given in Table II. 
The response to each form of treatment varied widely from case to case, and 
frequently there was little correlation between the response to one agent and 
that to another in a given case. However, the mean decrease in cholesterol level 
during treatment with niacin was 24 per cent when the average dose was 5.3 Gm. 
daily; that due to safflower oil was 6 per cent, and that due to sitosterol was 13 per 
cent. The average weight of patients following the placebo period was 146 pounds, 
compared with 144 pounds following niacin therapy, 150 pounds after use of 
safflower oil, and 147 pounds after the period of treatment with sitosterol. The 
dosage of safflower oil employed provided approximately 540 calories daily. 

Results of the administration of niacin and sitosterol alone and in combination 
to 9 of the patients are presented in Table III. The average decrease in con- 
centration of plasma cholesterol indicated a nearly additive effect when these 
two agents were administered together. 

Flushing, pruritus, and gastrointestinal upset associated with the use of 
niacin were not severe enough to interfere with treatment. Occasional abnormali- 
ties exhibited by the cephalin-cholesterol flocculation test, and in the concentra- 
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tions of alkaline phosphatase and glutamic-oxalacetic transaminase in the serum 
have been noted but have not been associated with any clinically evident hepatic 
disease. Recently, Gurian and Adlersberg’ have reported a decrease in the carbo- 


TABLE II. RESULTS OF TREATMENT OF HYPERCHOLESTEREMIA WITH NICOTINIC ACID, 
SAFFLOWER OIL, AND SITOSTEROL 


CHOLESTEROL LEVEL IN PLASMA* 


PER CENT CHANGE WITH: 


MG./100 ML. 
(PLACEBO) 


NIACIN T SAFFLOWER OIL SITOSTEROL 


1. 411 —18 -9 
2. 522 - 5 -9 —11 
3. 316 —25 —13 —20 
4. 308 — 36 -7 - 6 
5. 277 —13 
6. 344 —24 +1 —14 
7. 323 —26 —12 —14 
8. 307 —39 +1 —15 
9. 299 —34 —14 —23 i 


10. —19 —13 


Average 341 —24 — 6 —13 


*Based on averages of all data for each interval (3 months or longer). 
tAverage dosage 5.3 Gm. daily. 


TABLE III. RESULTS OF TREATMENT OF HYPERCHOLESTEREMIA WITH NICOTINIC ACID AND 
SITOSTEROL, SEPARATELY AND IN COMBINATION | 


CHOLESTEROL LEVEL IN PLASMA* 


PER CENT CHANGE WITH: 
MG./100 ML. 
(PLACEBO) 


SITOSTEROL AND 
NIACINT SITOSTEROL NIACINT 


1. 411 —18 - 9 — 30 
2. 522 § —11 —13 
3. 316 —16 —20 — 26 
4. 308 —-7 — 6 —16 
5. 277 —13 — 6 —22 
6. 344 —24 —14 —24 
7. 323 —26 —14 — 34 
8. 307 —28 —15 — 36 : 


—13 
Average 346 —12 —25 
*Based on averages of all data for each interval (3 months or longer). 
tAverage daily dosage of niacin 4.3 Gm. daily. Note difference in average dosage from that shown “ 


in Table II. 
tPatient 9 died of acute coronary insufficiency prior to completion of this phase of the study. 
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hydrate tolerance of patients receiving large doses of nicotinic acid, but this was 
rapidly reversible when the administration of niacin was discontinued. Our 
preliminary studies confirm these observations. With the exception of occasional 
comments regarding their bulk, unpalatability, and tendency to cause loose 
stools, the safflower oil and sitosterol were well tolerated. 


COMMENT 


The substitution of vegetable oils with a high content of unsaturated fatty 
acids for saturated fats in the diet of human beings has been shown to produce a 
decrease in the concentration of plasma cholesterol.!'-"* The mechanism by which 
this occurs is not known. The concentration of plasma cholesterol is not signif- 
icantly lowered, however, if the unsaturated fat is merely added to a normal 
American diet."* The administration of certain plant sterols, such as sitosterol, 
before meals also has been shown to: produce a moderate decrease in levels of 
plasma cholesterol in the absence of dietary restrictions.": This is presumed to 
be due to interference with absorption of both exogenous and endogenous 
cholesterol. 

The results of our present study indicate that niacin in large oral doses is more 
effective in decreasing the level of plasma cholesterol than is either safflower oil or 
sitosterol when the usual diet is not restricted in type or content of fat. The 
nearly additive effect of niacin and sitosterol combined suggests that these agents 
act by different mechanisms. 

The mechanism by which nicotinic acid reduces the level of serum cholesterol 
is still unknown. The huge doses required to achieve an effect on cholesterol 
levels seems to exclude a vitamin effect. Merrill'® has demonstrated a marked 
increase in the incorporation of radiocarbon-labeled acetate into cholesterol in 
the rat liver when the animals were given nicotinic acid orally or when nicotinic 
acid was added to slices of liver in vitro. Altschul and Hoffer!’ have postulated 
that the effect of nicotinic acid may be due to its enhancement of oxidative 
enzymatic processes, or possibly through an effect on the metabolic rate. Miller 
and co-workers'® have pointed out that when nicotinic acid is administered to 
patients, 20 to 25 per cent of the total niacin metabolites appearing in the urine 
consist of nicotinuric acid. After the administration of nicotinamide, which is 
ineffective in reducing the level of serum cholesterol, no nicotinuric acid is ex- 
creted. This has led to speculation whether nicotinuric acid may be an active 
factor in accounting for the reduction of cholesterol levels. This has not been 
established as yet. Our preliminary data suggest that this agent is ineffective in 
lowering concentrations of plasma cholesterol. 


SUMMARY 


In 10 patients with hypercholesteremia who were not restricted in amount or 
type of dietary fat, treatment with large oral doses of nicotinic acid (niacin) 
was more effective in lowering plasma cholesterol than was that with either 
safflower oil or sitosterol. The simultaneous administration of niacin and sitos- 
terol was more effective than the use of either agent alone, and their combined 
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effects were nearly additive. As compared with safflower oil or sitosterol in the 
treatment of hypercholesteremia, niacin has several practical advantages in that 
the drug is inexpensive, is simple to administer, and does not require alterations in 
the patient’s dietary habits. However, the safety of such long-term use of niacin 
must be established before this form of therapy can be regarded as other than an 
investigational procedure. 
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Experimental and Laboratory Reports 


Hyperthermia: Systemic and Coronary Circulatory Changes in the Intact Dog 


G. M. Maxwell, M.D., C. A. Castillo, M.D., C. W. Crumpton, M.D., and G. G. 
Rowe, M.D., Madison, Wis. With the Technical Assistance of D. H. White, Jr., 
M.D., and L. A. Lucas, M.D. . 


INTRODUCTION 


Interest in the effect of an increase in body temperature upon the economy 
of the organism has a long and distinguished history. Thus, in 1908, students 
were undergoing the rigors of hot baths in the investigation of the effects of an 
increase in body temperature,' and similar studies continued throughout the 
following 30 years.? These experiments gave information principally concerning 
the effects of temperature increase upon the respiratory system, but there were 
some observations upon pulse rate, blood pressure, and cardiac output. 

Lovatt-Evans* suggested that warmth increased the cardiac oxygen con- 
sumption, and Anrep‘ recorded an increase in coronary blood flow when the 
heart muscle was warmed. The influence of diathermy upon coronary blood flow 
was studied by Mart and Roscoe-Miller,> who found no definite changes to oc- 
cur. All of the studies cited were carried out in “‘open-chest’’ animals, or “‘heart- 
lung’”’ preparations. 

Thus, in the investigation of factors which might influence myocardial ef- 
ficiency, the role of increased body temperature was considered, and since no 
integrated study in the intact animal could be traced, such a one, embracing 
the examination of systemic and coronary hemodynamics, was planned; the results 
thereof are now presented. 


MATERIAL AND METHOD 


Eight mongrel dogs, unselected by age or sex, were used. Their weights ranged between 15 
and 25 kilograms. 
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The animals were premedicated with morphine sulphate (3 mg./Kg.), given intramuscularly. 
After one hour, pentobarbital (12 mg./Kg.) was given intravenously. 

Cardiac output was measured by use of the Fick principle, and coronary blood flow by the 
nitrous-oxide saturation method. The basic methods used and their reproducibility have already 
been reported from this laboratory.*7 

In this experiment, control cardiac output and coronary blood flow were measured one hour 
after giving pentobarbital. Then diathermy coils* were placed around the dog’s trunk, and heat 
insulation was obtained by suitably secured sheets and a blanket. Heating was begun and main- 
tained until a minimal increase of 7°F. was obtained and maintained. This took about 30 minutes, 
whereupon the cardiac output and coronary blood flow measurements were repeated. Temperatures 
were measured in the nose and esophagus every minute in both control and experimental periods. 
Pressures were measured in the femoral and pulmonary arteries and right atrium by strain-guage 
manometers. Works and resistances were derived by the usual formulae. 

On completion of the studies, the animals were killed, and their hearts were rapidly excised.- 
A thermometer placed in the substance of the left ventricle always recorded a temperature within 
0.5°F. of the nasal or esophageal level. Left ventricular weight was assessed by the injection of 
the dye T-1824 or indigo-carmine into the left coronary circulation, with weighing of the stained 
area.* This figure was used directly to calculate the cardiac oxygen consumption and efficiency. 

During each coronary flow, coincident samples were drawn from a peripheral artery and the 
coronary sinus and analyzed for glucose, lactate, and pyruvate contents." 


RESULTS 


The average control temperature of the group was 98°F. (usual in this 
preparation), and after heating it was 105°F. 

The figures in the tables are means with standard deviations. Comparison 
was by the Student t-test, with significance being accepted at the 5 per cent level. 

Ventilation.—Table I shows the well-known effects of an increase in body 
temperature upon the respiratory system. There was a marked increase in venti- 
lation, and this was associated with significant increases in oxygen consumption 
and carbon-dioxide production. The exchange ratio (R.Q.) changed significantly, 
as did pH (corrected to the animal’s temperature). There was a fall in the alveolar 
pCOsz (corrected by the method of Bradley, Stupfel, and Severinghaus).” There 
was a marked increase in the ventilation/perfusion ratio. | 

General Metabolism (Table IIT).—The oxygen content of the arterial blood 
tended to increase; there was a definite fall'in the oxygen content of the mixed 
venous blood, and the difference between these two was statistically significant. 
The carbon-dioxide contents of the mixed venous and arterial bloods both de- 
creased, and the venoarterial carbon-dioxide difference increased. Hemoglobin 
and hematocrit both increased. 

Systemic and Pulmonary Hemodynamics (Table III).—The significant in- 
creases in heart rate and cardiac output were in parallel, so that stroke volume 
was unchanged. The increase in systemic arterial pressure was not statistically 
significant, nor was that in mean pulmonary arterial pressure. Both right and 
left ventricular works were increased, but left ventricular stroke work was main- 
tained at control values. Calculated peripheral resistance was statistically un- 
changed, but calculated total pulmonary resistance decreased. 


*Burdick Company apparatus. 
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Coronary Hemodynamics and Myocardial Oxygen and Carbon-Dioxide Metab- 
olism (Table IV).—Coronary blood flow increased by 50 per cent, but coronary 
flow per beat, and coronary vascular resistance showed no statistically significant 
change. The oxygen content of the coronary sinus blood decreased by 1.6 volumes 
per cent (p<0.05), and the arterial/coronary sinus oxygen difference increased 
significantly. Coronary sinus carbon-dioxide content decreased, but the coronary 
sinus/arterial carbon-dioxide difference increased. The cardiac metabolic rates 
for oxygen and carbon dioxide increased, with an advance in the cardiac respira- 
tory quotient. Essentially similar findings were recorded for the oxygen and 
carbon-dioxide metabolism of the heart as calculated directly from myocardial 
weight. The index of efficiency (left ventricular work/cardiac metabolic rate 
for oxygen) decreased, as did the ‘“‘mechanical”’ efficiency derived from heart 
weight. 

Glucose, Lactate, and Pyruvate Metabolism (Table V).— In this experiment 
there was a significant increase in the arterial content of these three substances. 
The coronary sinus levels of pyruvate and lactate also increased. No significant 
changes in the arterial/coronary sinus difference values were found; the cardiac 
usage of lactate alone was increased significantly. 


TABLE I, VENTILATION 


FACTOR CONTROL EXPERIMENTAL 


Volume of Respiration 3.41.2 34.1 = 11.6* 
(L./min.) 


Respiratory Rate 16 + 3 190 = 40* 


Tidal Volume , 205 = 30 180 + 72* 
(c.c.) 


Oxygen Consumption 112 = 23 308 = 85* 
(c.c./min. ) 


Carbon-Dioxide Production 90 + 19 338 + 99* 
(c.c./min.) 


CO./Liter Ventilation (c.c.) 28 = 6 8.3 = 2.0* 
O./Liter Ventilation (c.c.) 36 + 8 10.0 + 2.5* 


Alveolar Ventilation 1.9+ 0.6 9.6 + 1.8* 
(L./min. ) 


pCO; (mm. Hg) ' 45 = 2.7 32 = 2.6* 


Alveolar Ventilation 
0.6+0.1 2.1 = 0.9* 


Cardiac Output 
Exchange Ratio (R.Q:) 0.81 + 0.08 1.06 + 0.11* 
pH (Arterial) | 7.31 + 0.035 7.48 + 0.085* 


Figures are group means with S. D. 
*p value of change 0.05 or less. 
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DISCUSSION 


The results recorded under Ventilation (Table I) are hardly surprising to 
one who has observed a dog on a hot day. The remarkable hyperventilation 
reflects the stress to which the animal is put in attempting to maintain a normal 
temperature. The increase in oxygen consumption may be assumed to be due, at 
least in part, to an increase in respiratory work.* The increase in alveolar ven- 
tilation was previously shown by Hill and Flack,' and is confirmed here. The 
increase in ventilation/perfusion ratio is perhaps to be expected, as can be noted 
from simple observation of an overheated dog, but has not apparently been 
measured before. The changes in pH and exchange ratio (R.Q.) are as previously 
described for both animals and human beings."*-!* The change in the latter factor. 
(R.Q.) is probably related to the hyperventilation, since available carbon dioxide is 
virtually unlimited.’ The present study, therefore, as far as ventilation is con- 
cerned, confirms and extends, the findings of the authors cited. 


The changes in general metabolism (Table Il) again bear a close resemblance 
to previously described results.4!7 The trend toward increase in the oxygen 
contents of the arterial blood is related to increased saturation or a higher hemo- 
globin, or to both factors together. The increase in hemoglobin and hematocrit 
parallels that observed in the dog in some previous studies,‘ although this phe- 
nomenon was denied by Prec and his colleagues.'* Calculations show that this 
increase in hematocrit is associated with respiratory loss of approximately 400 
c.c. of water in the experimental period of our study. This evaporation may 


TABLE II. GENERAL METABOLISM 


EXPERIMENTAL 


FACTOR CONTROL 


Arterial Content 16.4=+ 1.9 17.7 2.7° 


(vols. %) 


Mixed Venous O: 129222 | 11.2 + 2.2* 
(vols. %) | 
A Arterial-Mixed Venous O2 3.5+0.8 6.7 = 1.4* 
(vols. %) 


43.4 = 5.5* 


Mixed Venous CO: 50.0 + 6.7 


(vols. %) 


Arterial CO» 49.1+6.5 


(vols. %) 


A Mixed Venous-Arterial CO, 2.8+0.9 6.5 = 1.5* 
(vols. %) 


Arterial Hemoglobin 14.6+ 0.8 16.3 = 0.9* 
(Gm. 100 c.c.) 


50 = 


36.9 = 6.4* 


Arterial Hematocrit 55 = 6* 


Figures are group means with S. D. 
*p value of change 0.05 or less. 
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account for some of the changes in hemoglobin and hematocrit. Splenic contrac- 
tion may also contribute, because the expected increase in hematocrit does 
not occur in hyperthermic splenectomized animals." 

The increase in heart rate is not unexpected, and bears a good relationship 
to the ‘Q10” for this factor in the dog described by Clark.?° The increase in 
cardiac output is somewhat at variance with the results of Prec,'® although 
in keeping with the findings in man recorded by Bazett.? The maintenance of 
stroke volume in the face of increased cardiac rate was mentioned by Schapals?! 
in 1912. The mild increase in systemic blood pressure was previously found by 
Wiggers,” although no previous information concerning the effect of hyperthermia 
upon the pulmonary arterial pressure has been traced. The increase in right and 
left ventricular work is related principally to the increase in cardiac output; 
this factor also results in a significant decrease in the calculated pulmonary 
resistance. 


TABLE III. Systemic AND PULMONARY HEMODYNAMICS 


CONTROL EXPERIMENTAL 


Heart Rate 89 + 14 141 + 38* 


Cardiac Output 3.2+ 0.6 4.5 = 0.09* 
(L./min.) 


Stroke Volume 38 + 10 38 + 13 
(c.c.) 


Femoral Arterial Pressure 101 + 12 115 + 23 
(mean, mm. Hg) 


Pulmonary Arterial Pressure 17 + 2 18+ 5 
(mean, mm. Hg) 


Left Ventricular Work 4.4+ 1.1 6.9 = 2.0* 
(Kg./min./M.) 


Stroke Left Ventricular Work 59+ 1.8 = 2.2 
(Gm./M./min.) 


Right Ventricular Work 0.7+0.1 1.1 + 0.4* 
(Kg./M./min.) 


Peripheral Resistance (calculated ) 2,382 = 850 1,999 + 485 
(dynes/cm.~*/sec. ) 


Pulmonary Resistance (calculated) 434 = 106 325 + 38* 
(dynes/cm.-5/sec.) 


Figures are group means with S. D. 
*p value of change 0.05 or less. 


By and large, therefore, the results outlined so far parallel and extend those 
of previous studies in the animal. These changes also quite closely resemble 
those found in man in similar circumstances.” 

The changes in the coronary vascular bed suggest that hyperthermia ac- 


‘celerates coronary blood flow, but has only a feeble vasodilatory action. This 
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increase negates the findings of Mart and Roscoe-Miller,> but agrees with the 
findings of Anrep and Hausler* for the denervated heart. The latter authors 
recorded an increase in coronary flow if the heart muscle was heated; warming 
the perfusate had no effect. In the present study the temperature of the heart 
muscle itself was always close to that of the body asa whole. _ 

The increased oxygen extraction and coronary blood flow result in a marked 
increase in cardiac oxygen consumption. Similar changes occur in carbon-dioxide 
exchange. The cardiac respiratory quotient rises in parallel with that of the 
whole body (Table I) and is probably related to the washing out of carbon dioxide 
by hyperventilation. The increase in cardiac oxygen usage recorded here echoes 
the findings in the heart-lung preparation by Evans.™% In general, for oxygen 


TABLE IV. Corcnary HEMODYNAMICS, MYOCARDIAL METABOLISM OF O2 AND COs, AND CARDIAC 
EFFICIENCY 


EXPERIMENTAL 


FACTOR CONTROL 


Coronary Flow 101 + 33 151 + 40* 
(c.c./100 Gm./min.) 


Flow/Beat 1.1+1 1.04 + 0.2 


Coronary Vascular Resistance 0.96 = 0.03 0.79 = 0.03 
(units) 


Coronary Sinus O2 6.2 = 2.0 4.6 = 2.0* 
(vols. %) 


A Arterial-Coronary Sinus O2 10.6 = 2.0 13.6 + 1.4* 
(vols. %) 


Coronary Sinus CO, 58.5 = 7.0 ' 45.9 = 18.0* 


(vols. %) 


A Coronary Sinus-Arterial CO. 8.4+1.5 12.5 = 1.5* 
(vols. %) 


Cardiac Metabolic Rate—O-z 
(c.c./100 Gm./min.) 


Cardiac Metabolic Rate—CO, 8.2+2.0 18.6 = 5.0* 
(c.c./100 Gm./min.) 


20.8 = 5.0* 


10.7 = 2.4 


Cardiac Respiratory Quotient 0.79 = 0.05 0.91 = 0.012* 


Calculated Myocardial O2 Usage 10.6 + 3.5 20.3 = 6.2* 
(by heart weight: c.c./100 Gm./min.) 


Myocardial O2 Usage/Beat 0.12 = 0.01 0.14 = 0.017 
(c.c./100 Gm./beat ) 


Index of Efficiency 0.41+0.2 0.36 = 0.05* 
(L.V. work + CMRO2) 


Calculated Efficiency 
(% by Joule’s Law) 


17 + 7.0* 


22 = 7.0 


Figures are group means with S. D. 
*p value of change 0.05 or less. 
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metabolism a ‘‘Q10” of 2 to 3 has been described,”?° and the increase found here 
is generally in keeping with this estimate. 

In attempting to explain the changes noted above, one should bear some 
considerations in mind. It has been shown’ that a rise in heart rate in dogs (pre- 
pared in a fashion similar to those presently under study) will increase coro- 
nary blood flow and cardiac oxygen consumption. An increase in left ventricular 
work will give rise to similar trends. Increased cardiac output has been said 
to affect coronary blood flow and myocardial metabolism only in a random 
fashion.”¢ 


TABLE V. GLucOosE, LACTATE, AND PyRUVATE METABOLISM 


A ARTERIAL- 
ARTERIAL CORONARY CORONARY CARDIAC 
SINUS SINUS USAGET 


Glucose Control 100 = 6.4 2.42.0 1.8+1. 
(mg. %) Experiment 121 + 16* 119 = 5.4* 2.7+ 1.8 3.92.7 

Pyruvate Control 1.2+1.0 0.7+0.2 | 0.55+0.04 | 0.4+0.2 
(mg. %) Experiment 3.7 = 1.1* 1.8+ 9+ 0.6 3.6+ 1.8 

Lactate Control + + .5 = 2.0 72.4 
(mg. %) Experiment + P + w .6+ 7.0 .7 = 6.1* 


*p value 0.05 or less. 
tmg./100 grams of myocardium/minute. 
Figures are group means with S. D. 


Examination of correlation coefficients for heart rate and cardiac metabolic 
rate of oxygen, and left ventricular work and cardiac metabolic rate of oxygen, 
give R values of 0.82 and 0.74, respectively. Thus, these two factors, rate and. 
left ventricular work, are strongly associated with the increase in cardiac oxygen 
consumption. This relationship is, of course, not necessarily ‘‘causal.’’ Again, 
the correlation of ‘“‘rate X blood pressure”’ and cardiac oxygen consumption noted 
by Evans,’ and more recently,?’ will give a significant correlation coefficient 
(R = 0.88); of itself the increase in mean systemic blood pressure is not signif- 
icantly correlated (R = 0.42), and that an increase in right ventricular work 
does not affect the left-sided coronary bed has been previously shown from this 
laboratory,’ so that this factor may be discounted. Gollwitzer-Meier and as- 
sociates*® found that an increase in pH did not affect myocardial metabolism, 
and this negative relationship was incidentally shown (for a less marked pH 
change) in this laboratory.?® An actual decrease in coronary blood flow with 
increase in pH was demonstrated by Trethewie.*° 

It is known that adrenaline will increase the oxygen consumption of the 
heart.**! Evans,* however, observed that cardiac oxygen consumption per 
beat increased with adrenaline, unlike in the present circumstance, wherein con- 
trol values were maintained; it has been said, too, that hyperthermia (in the 
cat) does not increase the level of circulating adrenaline.*? Whereas cardiac 
efficiency does fall, the increase in left ventricular work superficially makes 
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this decrease less marked than in tachycardia at normal temperature.’ A similar 
contrast is seen in the maintenance of stroke oxygen consumption of the heart 
paralleling a similar maintenance of stroke left ventricular work (cf., Reference 7). 

The increase in arterial glucose values echoes those for mixed venous blood 
found by Flinn and Scott,“ although those investigators did not observe the 
increase in lactate such as was found in. the present study. The increase in cardiac 
lactate ‘‘usage’’ corresponds with the findings of Evans, Grande, and Hsiu,® 
who thought that an increase in blood lactate increased the cardiac ‘“‘usage”’ 
of this substance. The heart ‘‘usage’’ of pyruvate and glucose was not signif- 
icantly changed, so that the relationship between the glucose level of the perfusate 
and cardiac glucose usage described by Evans* could not be confirmed. 


SUMMARY 


Dogs which were réndered hyperthermic by physical means showed an 
increased ventilation, heart rate, cardiac output, and left ventricular work. 
These latter could be correlated with the observed increases in coronary blood 
flow and cardiac oxygen consumption. In the circumstances of this experiment, 
heat was a feeble coronary vasodilator, and cardiac efficiency was reduced. 
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The Effect of Infarction on Magnitude and Orientation of Electrical 
Events in the Heart 


E. D. Jacobson, M.D., S. Rush, M. E. E., S. Zinberg, M.D., 
and J. A. Abildskov, M.D., Syracuse, N. Y. 


The form of electrocardiograms is influenced by both magnitude and orienta- 
tion of electrical events, and it is not possible to assess the individual role of 
these factors from a single lead. Magnitude and orientation can be differentiated 
by appropriate measurements and calculations from multiple simultaneous leads 
or from plane projections of the spatial vectorcardiogram. It is also possible to 
record magnitude and orientation directly as separate functions of time.!-* Despite 
these possibilities for determining magnitude and orientation individually, the 
most useful items of electrocardiographic information for the recognition of 
infarction at the present time are abnormal findings in individual leads. Since 
it seems possible that certain lesions might so alter magnitude and direction of 
electrical events that their projection on a single axis would remain unchanged, 
such infarcts might not be evidenced in the ECG by findings now considered 
characteristic of infarction. It also seems possible that some lesions might alter 
magnitude without significantly changing orientation, or change orientation and 
not magnitude, leaving the ECG altered but within the range of normal variation. 

More precise definition of the effects of infarction on the separate functions, 
magnitude and direction, might be a step toward recognition of lesions not 
manifest by ‘‘typical’’ ECG findings. Such a definition might lead to improved 
criteria for the diagnosis of infarction from currently used ECG leads, or to 
criteria for the recognition of infarction with new leads or with new displays of the 
heart’s electrical activity. It has been reported that curves of spatial magnitude 
from normal subjects and from patients with infarction differ in several parameters 
which are not considered in the ECG recognition of infarction.*-* In the present 
study the effect of infarction on various records of electrical activity has been 
investigated theoretically by deriving these records from the sequence of ventric- 
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ular excitation. These studies were carried out for the sole purpose of obtaining 
insight into the reasons for the various effects of infarction on records of electrical 
activity and are not intended to substitute for clinical, pathologic, and experi- 
mental studies. A limited number of pertinent clinical and pathologic observations 
are also reported, but these are not numerous or detailed enough to fully cor- 
roborate the theoretical studies. Considering the difficulties of adequately con- 
trolled clinicopathologic studies including pre- and postinfarction records of 
electrical activity, detailed pathologic description of the site, location, and size 
of infarcts, and information concerning cardiac position, we felt that the present 
studies should be placed on record so that the predictions of the study might be 
tested by the experience of others. 


METHODS AND MATERIALS 


The sequence of ventricular excitation in the normal dog heart as reported by Scher was 
employed in this study. The form of standard ECG leads, frontal and horizontal plane projections 
of the VCG, and a linear time scale record of spatial magnitude were derived from this data. 
Fifty areas of infarction of various sizes and in a variety of locations were postulated, and the 
records named were derived with each of these lesions present. 

Derivation of curves began with estimation of the effect of excitation at each of 7 instants on 
3 orthogonal axes. Four horizontal plane sections of the heart published by Scher to illustrate 
the excitation sequence were used to estimate horizontal (X) and anteroposterior (Z) projections 
of excitation. Vertical (Y) projections of excitation were estimated from graphic constructions 
of the form of the ventricles and their sequence of excitation at 4 levels parallel to the frontal 
plane. The effect of excitation on XYZ axes was estimated by considering each of the lines that 
represented activation wave fronts at different moments. When a wave front was interrupted by a 
cavity, an infarct, or by the external surface of the heart, the interrupted ends of the wave were 
joined by a straight line and a vector was constructed normal to this line. The magnitude of this 
vector was made proportional to the length of the line joining ends of the excitation front and was 
multiplied by a factor proportional to the thickness of the slice from which it was obtained. 
All vectors derived for a given instant from horizontal sections were added vectorially, and the 
projection of final vectors on X and Z axes was determined. Vectors from frontal plane sections 
were similarly added, and the projection of final vectors on the Y axis was determined. The final 
projections of vectors on XYZ axes were used to construct horizontal and frontal plane QRS 
loops. Projections of the frontal plane loop on the sides of an equilateral triangle were determined 
and used to plot QRS complexes approximating those in the standard ECG leads. Curves of 


spatial magnitude were obtained by calculating the value ¥ X?+ Y?+ Z? for each of the in- 
stants in the excitation process. In these studies the heart was considered to be oriented vertically 
from apex to midpoint of the base in both frontal and sagittal views, which approximates the 
anatomic position of the canine heart. The basic method of derivation of curves is similar to that 
previously employed in analyses of atrial excitation, and the rationale and limitations of the 
method have been discussed in detail.*-§ 

A limited number of clinical observations are also reported. Seventeen electrocardiograms 
from patients with myocardial infarction, pericarditis, or metastatic carcinoma involving the 
myocardium were examined for the features of myocardial lesions predicted by the theoretical 
studies. Autopsy findings were available in all cases, and in 9 subjects, electrocardiograms before 
and after the development of the myocardial lesion were also available. 


RESULTS 


Theoretical Studies.— 
| Subepicardial infarction: Lesions in the subepicardial region of the posterior 
wall had a special tendency to decrease the magnitude of electrical events late 
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in the process, and to leave orientation relatively unaffected. The basis of this 
finding is illustrated diagrammatically in Fig. 1. As shown, the subepicardial 
region of the posterior wall is activated late in the process of ventricular excitation. 
A lesion which interrupts the activation front decreases the magnitude of a 
vector representing this process. Direction of the vector is not markedly altered, 
because at this moment there is little opposing excitation in other portions of 
the heart, and because the lesion interrupts the wave front near its center. An 
example of records derived from such a lesion is shown in Fig. 2. 

Subepicardial infarction in the lateral wall also decreased the magnitude of 
vectors late in the excitation process. In this situation there was a greater tendency 
to alter the orientation of vectors in a direction away from the infarcted area, since 
these lesions interrupted wave fronts near their edges. 


Fig. 1.—Diagrammatic representation of the technique employed to derive vectors from the 
excitation sequence, and of the effect of a subepicardial lesion in the posterior wall. In the upper diagram, 
vector J is shown normal to, and with equal magnitude to, a line joining the edges of an activation wave 
front. The projections of such vectors obtained from horizontal plane sections of the heart, on hori- 
zontal and anteroposterior axes, were employed in this study. Similarly constructed vectors from frontal 
plane sections of the heart were employed to obtain vertical projections of cardiac electrical activity. 
In the lower diagrams a subepicardial lesion in the posterior wall has been postulated, and vectors a and 
b derived from the activation fronts have been added to give vector 2, whose direction is similar to 
vector 1, but which has a smallef magnitude. 


Subepicardial infarction in the anterior wall resulted in increased magnitude 
of vectors in the mid-portion of the excitation process and a marked change in 
their direction away from the infarcted area. Both of these findings were the 
result of excitation in posterior and lateral walls which was no longer opposed 
by excitation in the infarcted area on the anterior wall. 

Intramural and subendocardial infarction: Lesions in the intramural and 
subendocardial portions of the free wall of the left ventricle markedly altered 
both magnitude and orientation of electrical events. The general reason for this 
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finding was that at the moments these portions of the heart were being excited, 
activation was also proceeding in a roughly opposite direction in the opposing 
wall. Most lesions in these areas increased the magnitude of electrical events. 
Two factors were involved in this change. Excitation in the wall opposite the 
infarct resulted in increased magnitude of vectors, since it was not opposed by 
excitation in the infarcted area. Another factor was involved when lesions were 
near the apex, where excitation normally surrounded the left ventricular cavity 
in horizontal plane sections without extending to the external surface at any point. 
The normal excitation wave front in these sections did not contribute to the 
magnitude of resultant vectors. Interruption of these fronts created a situation 


POSTERIOR SUBEPICARDIAL INFARCTION 


FRONTAL 


MAGNITUDE 


—— INFARCTION 
—— NORMAL 
HORIZONTAL 


Fig. 2.—Derived standard ECG leads, frontal and horizontal plane projections of the VCG, and 
curves of spatial magnitude as functions of time. In this and succeeding figures, curves derived from 
normal ventricular excitation are shown as dashed lines. In this figure the solid lines are the records 
derived after a postulated lesion in the subepicardial region of the posterior wall. The deep Q waves 
in Lead I in these records is the result of early septal activation and are larger than those in norma! human 
electrocardiograms because of the vertical orientation of the heart employed in these studies. When 
three-dimensional wire models of the spatial VCG were constructed from the plane projections shown 
and were oriented to the approximate anatomic position of the human heart, the amplitude of Q waves 
relative to R waves in Lead I was markedly reduced. As illustrated, the lesion did not alter the standard 
ECG leads in a manner diagnostic of infarction by current standards. Decreased magnitude of the 
- late vectors is apparent in the horizontal plane projection of the VCG and in the curve of spatial mag- 
nitude. 
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in which the remaining excited muscle did contribute to final resultant vectors. 
These lesions which tended to alter the direction of vectors away from the in- 
farcted area and at the same time increase their magnitude would be most likely 
to result in the ECG features currently considered indicative of infarction. The 
first half of the excitation process was altered by these lesions, and the initial 
portion of the QRS complex is normally less variable than later portions. An 
example of records derived from a lesion of this type is shown in Fig. 3. 

Septal infarction: Infarction involving the septum near the left ventricular 
cavity decreased the magnitude of initial vectors directed toward the right. 
This was represented by decreased amplitude or absence of the “septal’” Q wave 
in Lead I and corresponds to the clinical observation that septal disease may be 
manifest by absence of this wave.® . 

Other effects of septal infarction occurred because the septum is normally 
excited from both right and left surfaces, and because wave fronts surround 


LATERAL SUBENDOCARDIAL AND INTRAMURAL INFARCTION 
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Fig. 3.—The effects of a lesion in the subendocardial and intramural portions of the lateral wall are 
illustrated. This lesion results in a deep, wide Q wave in Lead I and would be recognizable by current 
ECG criteria. The projections of the VCG and spatial magnitude curve show increased magnitude of 
vectors during the initial half of ventricular excitation, and the VCG shows these vectors to be directed 
toward the left. 
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ventricular cavities in horizontal sections without being interrupted by external 
or internal cardiac surfaces during much of the time septal activation is occurring. 
With this pattern of activation the septum normally contributes relatively little 
to the form of records of electrical activity. With infarction in the septum, both 
magnitude and orientation of resultant vectors were altered. The magnitude of 
vectors during the mid-portion of ventricular excitation was increased, and with 
most lesions in the septum their direction was shifted toward the left. This would 
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Fig. 4.—The effects of a septal lesion include decreased magnitude of the ‘‘septal Q wave’’ in Lead I 
and decreased magnitude of initial vectors reflected in the VCG and curve of spatial magnitude. These 
findings occurred only when the septal lesion was postulated to involve that portion of the septum 
which was activated early. The spatial magnitude curve also shows increased magnitude of vectors 
during the mid-temporal portion of the curve, and this was a consistent finding with septal lesions. 


have the probable ECG effect of increasing the amplitude of R waves during the 
mid-portion of the QRS complex in Leads I, aV1, Vs, and V¢. Orientation about 
the Y axis depended on whether the infarct was located inferiorly or superiorly, 
with deviation of vectors being away from the infarcted area. The effect of septal 
infarction on ECG Leads II and III was therefore variable. Anteroposterior 
‘orientation was likewise variable, depending on whether the infarct was 
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located in posterior or anterior septum. These findings are in accord with the 
well-known difficulty of recognizing septal lesions from the ECG. The consistent 
effect of these lesions in increasing the magnitude of electrical phenomena during 
the mid-portion of ventricular excitation may make it possible to recognize them 
by appropriate quantitative studies of the VCG or of spatial magnitude curves. 
The usual effect of these lesions in increasing the amplitude of upward deflections 
in Leads I, aVx, Vs, and V¢ during the mid-portions of the QRS complex may also 
be of help in recognizing them from the conventional ECG. An example of curves 
derived after a septal lesion is shown in Fig. 4. 

Lesions at the base of the septum also altered later portions of the ventricular 
complex. These effects were slight, since excitation of the subepicardial portions 
of the free wall of the left ventricle which produced the largest vectors of thé 
cardiac cycle was occurring at the same time and dominated the form of the 
ventricular complex. 


Clinical and Pathologic Observations.—In all of 15 cases in which the ECG | 


showed abnormal Q waves the subendocardial or intramural portions of the left 
ventricular wall were involved by the lesion. In all instances these lesions also 
involved other portions of the myocardium. One record from a patient with 
metastatic carcinoma involving the superficial myocardium showed alterations 
of only the terminal portions of the QRS, as compared to a control tracing several 
months earlier. 

In 12 of the patients with infarction, septal involvement was present. Pre- 
infarction tracings were available in 4 of these cases. Two showed definite loss of 
septal Q waves in the tracings after infarction. In one case no septal Q waves were 
present in either pre- or postinfarction tracings, and in the other case, septal Q 
waves were not altered by infarction. In the 8 instances in which only post- 
infarction tracings were available, septal Q waves were absent in 3. In 3 other 
records, Q waves were present in Leads I, aVx, Vs, and V. but may have been 
the result of lateral wall infarction rather than early septal activation. One of the 
patients with septal infarction showed complete right bundle branch block. 


Of the 4 patients with septal involvement in whom control tracings were 
available, one showed increased amplitude of the peak of the R waves in Leads I, 
‘aVz, and V¢, as predicted for some of these cases by the theoretical studies. 
This possible feature of septal infarction could not be evaluated in the cases 
without control tracings because of the wide range of normal variation in ampli- 
tude of this deflection. | 

In the total 7 cases of myocardial infarction in which control tracings were 
available there were recognizable alterations in the terminal portion of the QRS 
complex in 5 instances. All of these patients had pathologic evidence of extension 
of the lesion into the subepicardial portion of the lateral or posterior cardiac 
wall. Of the two patients in whom no alteration of the.terminal QRS was found, 
one had infarction localized to the interventricular septum, without extension 
into the subepicardial myocardium. The other patient showed pathologic evidence 
of subepicardial involvement, despite the fact that the terminal portion of the 
QRS was not recognizably altered. 
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DISCUSSION 

The derivation of records carried out in this study has several intrinsic 
limitations and necessitated certain simplifying assumptions. Excitation was 
considered only at a limited number of moments and at a limited number of 
anatomic levels. Another limitation was that the excitation sequence used in 
this study was obtained in the dog heart. Still another limitation concerns the 
electrode arrangements used to record the heart’s electrical activity. The derived 
electrocardiographic leads in this study assume the frontal plane of the body to 
be represented by an equilateral triangle. The form of the derived vectorcardio- 
grams and spatial magnitude curves is based on projections of electrical activity 
on a perfect orthogonal lead system. To whatever extent lead systems employed 
clinically do not behave as assumed, the derived curves will be dissimilar to curves 
recorded from patients. Another assumption in this study has been that infarction 
does not alter the sequence of excitation except by removing some of the excitable 
tissue. This seems unlikely if the fine details of the excitation order are considered, 
but because of the syncytial structure of the heart may be a good approximation 
of the gross pattern of activation. 

Despite the limitations listed, the excitation sequence employed in this 
study is considerably more detailed than an approximate order of excitation 
based on arrival of activation at points on the ventricular surface. Such activation 
sequences have been widely employed to explain the form of the ECG.'® The 
application of earlier, less detailed information successfully explained many 
ECG features of infarction, and it seems likely that more detailed knowledge 
of the excitation sequence may contribute to a more detailed description of the 
ECG in infarction. At this time, similarly detailed direct information concerning 
the excitation sequence in human hearts is not available. The similarity of curves 
derived from the activation sequence in dog hearts to those recorded from human 
hearts is evidence for the basic similarity of the process in both. It should be’ 
emphasized that the major value of this study concerns the comparison of derived 
records before and after infarction. This comparison provided several general- 
izations which may be useful guides in further experimental and clinical studies 
directed at improving the recognition and localization of myocardial infarction. 

The most marked changes in QRS complexes and in the ventricular excitation 
portion of other records of electrical activity occurred with infarcts involving 
intramural or subendocardial regions of the free left ventricular wall or the 
subepicardial region of the anterior wall. These lesions resulted in increased 
magnitude of vectors during the first half of ventricular excitation and a shift 
in orientation away from the infarct. 

Subepicardial infarctions of the lateral, posterior, and diaphragmatic walls 
resulted in decreased magnitude of electrical events, and those in the posterior 
wall had a special tendency to leave orientation relatively unaffected. It appeared 
that these lesions would produce less marked effects on the QRS complex and 
that the changes would be confined to the terminal portion of the complex, 
which is normally more variable than the initial portion. The consistent effect 
of these lesions in reducing the magnitude of terminal electrical events makes 
it possible that curves of spatial magnitude may be helpful in their recognition. 
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Septal infarction had the effect of decreasing the magnitude of initial vectors 
directed toward the right and of increasing the magnitude of, and usually shifting 
leftward, vectors in the mid-portions of ventricular excitation. The latter two 
effects would be difficult to recognize in the ECG, because excitation is normally 
directed to the left in the mid-portions of ventricular excitation, and because 
the range of normal variation of this portion of the QRS complex is wide. It 
again appeared that the consistent effect of these lesions on spatial magnitude 
might make curves of this quantity helpful in recognizing the lesions. 


The clinical and pathologic observations reported are largely consistent with 
the theoretical studies. Subendocardial and intramural involvement by infarction 
was always present when the electrocardiograms showed abnormal Q waves as 
predicted by the theoretical studies. Alterations of the terminal portion of the QRS 
complex following infarction were common and were usually associated with 
pathologic evidence of subepicardial involvement. One patient with subepi- 
cardial involvement by carcinoma showed only alterations of the terminal portion 
of the ORS. 


The effect of lesions predicted in this study needs confirmation by more 
numerous and more detailed clinical and pathologic observations. Antemortem 
studies by techniques which permit differentiation of magnitude and orientation 
of electrical events, and careful postmortem data concerning the size and location 
of lesions will be required. 


Changes in the terminal QRS in more than a third of the patients with 
infarction who also had changes in the initial portion of the QRS have been re- 
ported by Grant." He attributed these changes to peri-infarction block, but 
pathologic data concerning the location and extent of the infarcts were not 
available. Burch and associates”: have also reported alterations of the terminal 
portion of QRS complexes and loops in patients with infarction. They considered 
it likely that these findings reflected extension of the lesion into areas normally 
excited late in the process of ventricular activation, as has been postulated in 
this study. Horan and associates“ have studied the effects of experimental local- 
ized destruction of the myocardium and reported that superficial destruction did 
not alter the initial portion of the QRS complex or loop. Such destruction of the 
anterior wall of the left ventricle produced alterations in the mid-temporal por- 
tions of the QRS complex and loop, as would be predicted from the present 
theoretical study. 


SUMMARY 


Records of the heart’s electrical activity have been derived from data showing 
the sequence of ventricular excitation. The methods employed had definite 
limitations, but the study yielded several generalizations which may be useful 
guides in further experimental, clinical, and pathologic studies. The most signif- 
icant findings are enumerated below. 


1. The most marked changes in electrical activity occurred with infarcts 
involving subendocardial and intramural portions of the free wall, and sub- 
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epicardial portions of the anterior wall, of the left ventricle. These lesions pro- 
duced ECG findings which were considered to be characteristic of infarction 
by present standards. 


with the theoretical findings. 
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2. Subepicardial infarction of the posterior walls had a special tendency 


to decrease the magnitude of late electrical events and to leave their orientation 
relatively unaffected. 


3. Septal infarction decreased the magnitude of initial vectors directed toward 


the right and increased the magnitude of, and shifted leftward, vectors in the 
mid-portion of the excitation process. 


4. In general, subepicardial and septal infarctions did not alter the ECG ina 


manner diagnostic of infarction by present standards, but the consistent effect 
of these lesions on spatial magnitude is a promising finding that curves of this 
quantity may be helpful in the recognition of infarction. 


5. A limited number of clinical and pathologic observations were consistent 
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Assessment of Mitral Regurgitation by Indicator Dilution: An Analysis of 
the Determinants of the Abnormal Dilution Curve 


Gilbert E. Levinson, M.D.,* Richard A. Carleton, M.D.,** and 
Walter H. Abelmann, M.D.,*** Boston, Mass. 


Recent work in this laboratory! has demonstrated that mitral regurgitant 
flows calculated by the variance method of Korner and Shillingford? are over- 
estimates, but constitute a valid semiquantitative assessment of the severity 
of the lesion. A modification of this method* has improved the reliability and 
accuracy of assessment and produces physiologically reasonable estimates of 
regurgitant flow. The procedure is laborious, however, and until it can be demon- 
strated that it is truly a quantitative technique, there remains an interest in 
simpler methods of assessment. 

The shape of an indicator dilution curve is determined, when flow is uni- 
directional, by the volume and rate of flow of the fluid with which the recovered 
indicator mixes between the sites of injection and recovery. Increase in volume 
or decrease in flow produces proportional prolongation of all time components,‘ 
and increase in volume with constant flow produces a lowering of peak concentra- 
tion.’ Studies with a circulatory model® have shown that valvular regurgitation 
exerts a specific effect: with forward flow and volume held constant, it produces 
an earlier appearance time, a diminished peak concentration, a disproportionate 
prolongation of the descending limb, and no change in mean circulation time. 
Separation of the specific effect of regurgitation from the effects of prevailing 
flow and volume would appear to be a promising approach to quantification, and 
is, indeed, the basis for the variance methods. 

It does not follow, however, that the abnormality of dilution curves in 
clinical mitral regurgitation is exelusively, or even largely, a function of this 
specific effect. Enlargement of the left atrium and left ventricle is clinically and 
pathophysiologically fundamental to this lesion and includes dilatation as well 
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as hypertrophy of these chambers. This systematic, albeit nonspecific, increase 
in volume should produce an alteration in contours of the dilution curve, augment- 
ing that produced by the specific regurgitation effect. If the increase in volume 
were proportional to the severity of the lesion, and if either no systematic change 
or a systematic decrease in net forward flow accompanied regurgitation, assess- 
ment of severity should be facilitated by employing indices which reflect both 
the specific effect of regurgitation and the nonspecific effects of flow and volume. 

The validity of such indices requires that the influence of volumes which 
may not vary systematically with regurgitation be either held constant or, 
preferably, eliminated. The former can be approximated by the use of a constant 
combination of injection site and collection site. Complete elimination of the 
systemic venous, right heart, and pulmonary volume components can be ac- 
complished by injecting into the left atrium. 

The present study was undertaken to assess the roles of systemic flow, 
regurgitant flow, and volume of the left side of the heart as determinants of the 
abnormal dilution curves seen in mitral regurgitation in man, and to evaluate 
the usefulness of indices reflecting one or-more of these determinants. 


MATERIALS AND METHODS 


Forty-two studies were performed in a consecutive series of 38 patients, 4 of whom were stud- 
ied before and after mitral valvuloplasty. Five patients were regarded as normal for the purposes 
of this analysis. Of these, 3 had aortic stenosis of no physiologic significance® and 2 had no heart 
disease. The remajning 33 patients had rheumatic heart disease confined to the mitral valve and 
were classified as “S’’ (pure mitral stenosis), ‘“‘Sr’”’ (mitral stenosis and regurgitation, with the 
former predominating), ‘“‘Rs’’ (mitral regurgitation and stenosis, with the former predominating), 
and “R” (pure mitral regurgitation). This classification was based on the estimate of the surgeon 
at the time of operation, except in 7 patients in whom clinical evidence of severe mitral insufficiency 
contraindicated operation for stenosis. Three of these 7 patients came to autopsy, and the diagnosis 
was confirmed in each case. Patients with congestive heart failure had received optimal therapy 
prior to the study, and signs of failure were absent or minimal in every patient at the time of 
study. 

Indicator dilution curves were obtained during catheterization of the left side of the heart, 
performed by the percutaneous transdorsal route with the patient in the prone position. Evans 
blue dye (4 to 5 mg.) was injected rapidly from a calibrated pipette through a thin-walled 16 
gauge needle into the left atrium, with an immediate flush of 10 c.c. of saline. Dye dilution curves 
were obtained by one of two methods. In the first method, brachial arterial blood flowed freely 
from a cannula at a rate of 1 to 2 c.c. per second through 30 cm. of polyethylene tubing (internal 
diameter, 3 mm.) into heparinized tubes mounted at equal intervals on a rotating disc driven by a 
constant speed motor. Funnels in the tubes permitted continuous collection of blood without 
spillage between samples. The speed of the disc could be adjusted to permit collection of 24 
samples in 30, 36, or 48 seconds. In the second method, a syringe* drew blood from the brachial 
artery through 40 cm. of polyethylene tubing (internal diameter, 1.13 mm.) at a constant rate of 
0.7 c.c. per second into a cuvette densitometer.? The output of the latter was recorded on a 
direct-writing oscillograph (Sanborn 150), and an integrated sample technique* was used to 
calibrate the curve. With both methods, plasma dye concentrations were determined in a spectro- 
photometer (Beckman model DU) at a wave length of 625 mu. Hematocrits were determined by 
centrifuging heparinized arterial blood in Wintrobe tubes for 30 minutes at 2,500 r.p.m. The 
observed hematocrit was multiplied by 0.96 to correct for trapped plasma.® 


*Harvard Apparatus Company, Dover, Mass. 
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All dilution curves were plotted semilogarithmically through three cycles, with the peak 
concentration in the third cycle. Systemic flow was calculated according to the formula of Hamil- 
ton.!” Heart rate was measured from an electrocardiogram recorded concurrently with the dilution 
curve. Cardiac index, stroke volume (SV), and stroke index were calculated according to the 
standard formulae. 

For each dye curve, the following were measured or calculated: 

Appearance time (AT) was measured as the time at which rising concentration reached 1 
per cent of the peak concentration. This criterion precludes the variability of AT resulting from 
variable penetration of the peak into the third cycle. Moreover, it reduces to negligible levels the 
error of measurement of AT both from continuously recorded curves with slowly ascending up- 
strokes and from curves based on fractional collection at the intervals employed. 

Build-up time (BT) was measured as the interval between AT and time of peak concentration. 

Disappearance time (DT) was measured as the interval between the time of peak concentration 
and the time when falling concentration reached 1 per cent of peak concentration. ‘ 
> (concentration X time) 

> (concentration) 

“Central” volume (CV) was calculated as the product of MCT and cardiac output (systemic 
flow).™ 

The spread/AT ratio was calculated by dividing the width of the curve in seconds, at a 
height of one tenth of the maximum concentration, by the AT. 

The disappearance ratio (DR) of Fox and Wood*® was calculated by dividing the concentration 
at a time equal to peak concentration time plus build-up time by the peak concentration. 

The 10-second disappearance ratio (DRio) was calculated by dividing the concentration 10 
seconds after the peak by the peak concentration. 

Slope (S) was calculated as 


Mean circulation time (MCT) was calculated as 


logeC2 _ logeCi 

where C; and C, are concentrations on the rectilinear downslope at times te and t:, respectively. 
The ‘“‘residual”’ volume (RV) was calculated according to the following formula from Newman": 


RV 
Rate Rv + Stroke Volume? 


The C./Cr ratio of Wood and Woodward® was obtained by dividing the least concentration 
between the peak deflection of the primary curve and the systemic recirculation peak by the 
systemic recirculation peak. Where no detectable recirculation peak occurred, the C,/Cr was 
designated as 1. 

In addition, the following ratios were calculated from individual parameters defined above: 
DT/BT, DT/MCT, and RV/SV. 

The extent to which flow, volume, and each of the above indices was related to severity of 
regurgitation was measured using the correlation ratio eta.1® Eta has been employed as the measure 
of correlation since it is applicable whether or not rectilinearity is present. If a linear relationship 
prevails, eta equals the correlation coefficient r. Where the assumption of rectilinearity is not 
warranted, as evidenced by inspection of the graph or demonstrated by statistical test, eta is the 
better measure of correlation. 

Differences between the means of groups were evaluated by Student’s t-test. 


RESULTS 


The results are shown in Table I and in the accompanying figures. 

Flow and Volume (Fig. 1) The mean systemic flow in patients with pre- 
dominant or pure regurgitation was 0.46 L./min./M.* lower than in the other 
subjects, but this difference is not significant (0.1 <p <0.2). Moreover, if the 5 
subjects without valvular heart disease are excluded, mean cardiac index for 
the patients with predominant or pure regurgitation was only 0.3 L./min./M.? 
less than that for patients with predominant or pure stenosis (0.1 <p <0.2). 
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TABLE I. Data From NorMAL SuBJEcTS AND Patients WiTH DISEASE OF THE MITRAL VALVE 
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The correlation between cardiac index and the severity of the regurgitant lesion 
was close to zero. Thus, forward flow was not significantly affected by the presence 
of mitral regurgitation. 

However, a significant increase in the volume of the left side of the heart, 
greater than that which occurs with mitral stenosis, was demonstrated to be an 
invariable concomitance of mitral regurgitation and to be proportional to the 
severity of the latter. 

The ‘“‘central’’ volume correlated well (eta = 0.77) with the severity of 
regurgitation. It was less than 0.5 L./M.? in all of the normal subjects, but 
equaled or exceeded 0.5 L./M.? in 35 per cent of the patients with pure or pre- 
dominant stenosis and in 100 per cent of the group with predominant or pure 
regurgitation. The mean CV in the group with predominant or pure regurgitation 
was 0.44 L./M.? greater than the mean CV of all of the other subjects (p <0.001), 
and 0.42 L./M.* greater than the mean for patients with pure or predominant 
mitral stenosis (p <0.001). Only 2 (7 per cent) of the subjects with no valvular 
lesions or with purely or predominantly stenotic lesions had a CV over 0.6 
L./M.*, and in only 1 (9 per cent) of the patients with pure or predominant 
regurgitation was CV less than 0.6 L./M.?. However, overlap between the groups 
precluded reliance on CV as a discriminative index. 

“Residual” volume, on the other hand, not only differed significantly 
(p <0.001) in the groups with and without pure or predominant regurgitation, 
but effected a complete separation between these groups and correlated even 
better (eta = 0.86) with the severity of regurgitation. RV was <0.27 L./M.? 
in all patients without predominant or pure regurgitation and >0.33 L./M.? 
in.all patients with predominant or pure regurgitation. Moreover, only 22 per cent 
of those with either no valvular disease or with pure mitral stenosis had a residual 
volume greater than 0.15 L./M.?, but values above this were found in 75 per 
cent of the patients with only mild or moderate regurgitation. 

When RV was expressed as a ratio to stroke volume, the discrimination 
between the two clinically important groups improved. With RV/SV the lowest 
score in the R and Rs groups was over 3 standard deviations above the mean 
of the other groups. 

Parameters Uncorrected for the Effects of Flow and Volume (Figs. 2 and 3).— 
In the circulatory model studies cited above, mean circulation time has been shown 
to be unaltered by the addition of mitral regurgitation without accompanying 
change in volume or forward flow. This is the inevitable result in both man and 
models, since MCT equals the ratio of ‘“‘central’”’ volume to flow and must, for 
any given CV and forward flow, be insensitive to the presence of regurgitation. 
In the clinical disease, therefore, it serves as an index only to the systematic 
volume change. Its value and limitations correspond to those of ‘‘central’’ volume, 
which is essentially MCT corrected for flow. MCT cannot, of course, be corrected 
for volume and flow since the resultant ‘‘index”’ will always have a value of 1.0. 

Appearance time tended to be delayed in the group with predominant or 
pure regurgitation, but the mean delay was small (0.5 second) and insignificant 
(p> 0.4), and correlation between AT and severity of regurgitation was poor 
(eta = 0.26). This result is consistent with the fact that AT is influenced in 
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opposite directions by regurgitation, which tends to shorten it, and by increased 
volume, which tends to prolong it. However, it should also be noted that a 
significant change reflecting the predominance of one of these effects may well 
have been masked by the injection procedure. AT is the parameter most sensitive 
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Fig. 1—Systemic flow and estimates of volume, per square meter of body surface area, and the 
ratio of “‘residual’’ volume to stroke volume, plotted against the severity of regurgitation. The cor- 
relation between each parameter and the severity of regurgitation is expressed as the correlation ratio 
eta. Mean and 8S. D. are given for the group (R + Rs) with pure or predominant regurgitation and for 
the group (N+ S + Sr) comprising all of the remaining subjects. Flow is not significantly altered, but 
volume estimates increase significantly, with increasing severity of regurgitation. RV and RV/SV 
provide excellent discrimination between the groups with and without predominant or pure regurgitation, 
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to the timing of injection in relation to the cardiac cycle, and the timing of in- 
jection is likely to be a more significant determinant when the injection is into the 
left atrium than when it is into the right side of the heart. Since the time of 
injection in the present study was random with respect to the cardiac cycle, 
AT may have been subject to appreciable random variation. 

The other parameters uncorrected for the effects of flow and volume are 
known to be affected in the same direction by diminished flow, increased volume, 
or mitral regurgitation. For each, the means of the groups with and without 
pure or predominant mitral regurgitation differed significantly (p <0.001). 
Build-up time, however, had only a moderate correlation with the severity of 
regurgitation and failed to effect a better separation than MCT between the 
clinically important groups. This may be due, in part, to the randomization of AT, 
but also suggests that the specific effect of regurgitation on the build- “up time 
is small compared to the effect of increased volume. 

Disappearance time and the reciprocal of slope, which are iaisiilali 
increased by regurgitation and insensitive to the timing of injection, had high 
correlations (eta= 0.84) with the severity of regurgitation and effected a complete 
separation between the clinically important groups. 

The 10-second disappearance ratio, which is a function of the slope, had an 
excellent correlation (eta = 0.92) with the severity of regurgitation and effected 
an excellent separation between the clinically important groups, the lowest 
score in the predominant regurgitation group being over 3 standard deviations 


above the mean of the remaining groups. 
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Fig. 2.—Parameters of the dilution curve uncorrected for the effects of flow and volume: MCT, 
AT, and BT, plotted against the severity of regurgitation. None of these parameters completely dis- 
criminates between the groups with and without pure or predominant regurgitation. MCT, however, 
. has a high correlation with the severity of regurgitation and accomplishes a better discrimination than 


do the other two. 
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' Fig. 3.—Parameters of the dilution curve uncorrected for the effects of flow and volume: DT, 
1/slope, DRio, and C1/Cr, plotted against the severity of regurgitation. Each parameter has a high 
correlation with the severity of the lesion and provides an excellent discrimination between the clinically 
important groups. 
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The C,/Cp ratio of Wood and Woodward is also a function of the slope of the 
descending limb, decrease in which results in diminished disparity between the 
two concentration values involved. Patients with pure or predominant regurgita- 
tion all had C,/Cr ratios greater than 0.6, and in all other patients C,/Cr was 
< 0.6. Moreover, ratios greater than 0.3 were seen in 86 per cent of the patients 
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with mixed lesions with predominant stenosis, but in only 19 per cent of those 
with pure stenosis and in none of the patients without valvular disease. The 
excellent correlation ratio (0.93) is in part artefactual, since, for curves with 
extreme prolongation of the descending limb, in which no discrete recirculation 
peak could be discerned, C1/Cr was assigned a value of 1, and scatter was, 
therefore, artificially reduced. 
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Fig. 4.—Parameters of the dilution curve corrected for the effects of flow and volume: DT/BT, 
DR, spread/AT, and DT/MCT, plotted against the severity of regurgitation. DT/MCT has a high 
correlation with the severity of regurgitation and has better discriminative efficacy than the other three. 
However, none of these parameters is a good discriminative index. 
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Parameters Corrected for the Effects of Flow and Volume (Fig. 4).—Indices 
to the specific effect of regurgitation can be constructed by correcting a parameter 
which is influenced by regurgitation, volume, and flow for the effects of the latter 
two. Diminished flow and increased volume produce proportional prolongation 
of the build-up and decay segments of the dilution curve. Regurgitation also 
prolongs both, but produces a disproportionate prolongation of the decay limb. 
Indices to the specific regurgitation effect can be obtained by relating decay 
parameters to build-up parameters. 

The DT/BT ratio’ and the disappearance ratio of Fox and Wood had cor- 
relations of 0.66 and 0.48, respectively, with the severity of regurgitation, and 
identified the groups with and without pure or predominant regurgitation as 
samples from different populations (p <0.001 and p <0.02, respectively). The 
differences between the means of these groups were small, however, and the 
overlap in scores large, so that neither index effected a useful separation. 

The specificity of Shillingford’s spread/AT ratio is based on the observation 
that AT and spread of a curve vary proportionally with changes in flow and 
volume, but that for a given flow and volume, valvular regurgitation increases 
the spread and shortens the AT. Shillingford has found this to be a useful index 
when applied to curves obtained after injection into, or proximal to, the pulmo- 
nary artery. In the present series, however, in which injection was into the left 
atrium, although the difference between the means of the critical groups was 
significant and the correlation ratio was 0.66, conspicuous overlap in the scores 
of different groups precluded clinical usefulness. 

None of the above ratios corrects the downstroke merely for the nonspecific 
effects of flow and volume. Actually, since regurgitation affects the build-up 
segment, each ratio reflects the disproportionate specific effect of regurgitation 
on downstroke compared to its specific effect on upstroke. That disproportionality, 
however specific, is obviously small. 

DT/MCT is theoretically a better ratio to accomplish correction for flow 
and volume since MCT reflects flow and volume but is insensitive to the specific 
regurgitation effect. For this index, as for the three above, the difference between 
the means of the critical groups is significant (p <0.001) but correlation with the 
severity of regurgitation (eta = 0.84) is appreciably better. Moreover, although 
overlap occurred between the patients with predominant stenosis and those 
with predominant regurgitation, the separation was better than with DR, DT/BT, 
or spread/AT. Regurgitation was pure or predominant in all patients with scores 
> 3.0, in 90 per cent with scores > 2.5, and in none with scores <2.0. All of the 
group with pure or predominant regurgitation, and only about one fourth of the 
remaining subjects had scores > 2.0. Of the 8 patients without pure or predomin- 
ant regurgitation but with scores > 2.0, only 2 had pure stenosis, However, 
it is clear that the degree of overlap makes DT/MCT an index of limited use- 


fulness. 


DISCUSSION 


The data presented demonstrate that estimates of volume increase sys- 
tematically with regurgitation, and that .the increases are proportional to the 
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severity of the lesion. Unless the increase in ‘‘central’’ volume consists of a 
systematic increase in its peripheral component, which is improbable, it reflects 
a true augmentation of the intracardiac—in this case, left atrial and left ventric- 
ular—constituents of ‘“‘central’’ volume. Moreover, although the volume of 
blood which is shuttling back and forth between left atrium and ventricle is, 
of course, a part of CV, the increases in the latter are too large to be accounted 
for by the regurgitant volume. Finally, provided complete mixing occurs at 
_ some point before distribution of blood to peripheral branches, CV is unaffected 
by the degree to which mixing occurs in any of the separate compartments 
traversed. Therefore, the increase in ‘‘central’’ volume which is manifest in the 
dilution curve cannot be a reflection of enhanced mixing but is real and cor- 
responds to the dilatation of left atrium and left ventricle recognized clinically 
and pathologically. 

Although the increase in CV is a dependable concomitance of increasingly 
severe mitral regurgitation, its magnitude did not distinguish patients without 
predominant regurgitation from those with this lesion. The magnitude of ‘‘resid- 
ual” volume, on the other hand, did discriminate between these two groups. 
The superiority of RV over CV as a discriminative index could be explained in 
one of two ways: (1) RV might simply be a more sensitive reflection of the in- 
crease in volume, or (2) RV might reflect not only the volume change but also 
the specific regurgitation effect. 

‘“‘Residual’”’ volume is a function of the volume of blood in which sampled 
dye has mixed between injection and collection sites. It describes a real volume 
of hypothetic distribution which behaves as if it were the residuum in a pulsating 
mixing chamber after forward movement of the stroke volume toward the col- 
lection site. RV cannot distinguish between blood left behind in a mixing chamber 
and blood moving retrogradely from a mixing chamber, since both are fractions 
of presystolic volume not represented in the forward ejection. Hence, RV, like 
CV, must include the volume of regurgitant flow as well as any truly static cham- 
ber residuum. However, although susceptible to the effect of further dispersion 
of indicator in the peripheral pathway to the collection site, RV, unlike CV, 
is not influenced by the volumes in temporally equivalent pathways. Thus, 
it provides a better quantitative estimate of the volume change occurring in 
mitral regurgitation by reflecting more specifically the intracardiac volumes. 

The second explanation offered for the superiority of RV over CV as a 
discriminative index also applies. Normally, RV is an overestimate of the end- 
systolic volume of the left ventricle, because slope, from which it is calculated, 
is influenced by mixing or dispersion in chambers or vessels proximal to the left 
ventricle.'® With regurgitation, each retrograde movement of blood re-exposes 
some indicator to mixing in the end-diastolic volume of the left atrium, in which 
it has already mixed during prior antegrade passage. This results in disproportion- 
ate overestimination of the end-systolic volume of the left ventricle, represented 
by a disproportionately prolonged descending limb in the dilution curve. This, 
we believe, constitutes the specific effect of regurgitation on the disappearance 
slope. It will be evident that this re-exposure effect depends upon the presence of 
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residual blood in the chamber into which regurgitation occurs. In mitral regurgita- 
tion the effect is inevitable, since the proximal chamber is a veno-atrial compart- 
ment which is never wholly evacuated. 

All of the indices sensitive both to the real increase in volume and to the 
specific regurgitation effect on the downslope (DT, 10-second disappearance 
ratio, C,/Cr, and 1/slope, as well as RV and RV/SV) discriminated completely 
between patients with predominant stenosis and those with predominant re- 
gurgitation. Parameters reflecting only the change in volume (MCT, CV) had 
definite, although limited, discriminative efficacy. Indices which attempt to 
correct for the nonspecific effects of flow and volume and thereby to reflect the 
specific effect of regurgitation did, indeed, identify patients with and without 
predominant or pure regurgitation as samples from different populations. How- 
ever, these indices either were totally lacking in discriminative power (DT/BT 
and the disappearance ratio of Fox and Wood) or had only poor (spread/AT) 
or limited (DT/MCT) separatory ability. The results with DT/BT, spread/AT, 
and the disappearance ratio probably reflect, in part, the random variability 
of AT and, to a lesser extent, of BT, resulting from injections into the left atrium 
at unselected times in relation to the cardiac cycle. However, comparison be- 
tween DT and DT/MCT demonstrates conclusively that, when injection is 
made into the left atrium, correction for the effect of volume isolates the specific 
effect of regurgitation, but in so doing reduces an excellent discriminative index 
to one of limited clinical usefulness. 

Thus, in clinical mitral regurgitation an increase in volume is a major, 
if not the predominant, determinant of the altered dilution curve. Parameters 
which reflect the increase in volume will be useful as indices to the presence and 
severity of regurgitation if a constant injection site is employed, and if the 
injection site and collection sites are so selected as to exclude volumes which can 
exert neither a specific nor a systematic influence. Woodward, Burchell, and Wood‘ 
found that the disappearance time alone gave a poor separation between pre- 
dominant mitral stenosis and predominant mitral regurgitation, and that the 
DT/BT gave a better separation, in a study using various injection sites on the 
right side of the heart in normal subjects and various injection sites on both 
sides of the heart in patients with mitral valvular disease. The volume component 
influencing the dilution curve varied in magnitude, therefore, from patient to 
patient and, moreover, in many patients included volumes which did not vary 
systematically with the severity of regurgitation. Thus, a correction for the effect 
of volume is necessary, and was shown by them to be effective, when heterogeneity 
of volumes involved has been introduced by variability in injection sites. A 
volume correction is less necessary and has been shown in the present study to be 
ineffective and, indeed, disadvantageous, when homogeneity of volumes, except 
for any differences inherent in the presence of regurgitation itself, has been 
approached by the use of a constant injection site on the left side of the heart. 

Net forward flow did not change systematically with increasing severity 
of regurgitation. However, in individual patients, unusually high or low systemic 
flows might increase the possibility of false negative or false positive scores, 
respectively, on an uncorrected index. In the present series, systemic flows as 
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high as 7.07 L./min. in the patients with pure mitral regurgitation did not 
produce false negatives, nor did flows as low as 2.60 L./min. in the patients with 
predominant stenosis produce false positives. Cardiac index in this series ranged 
from 1.97 to 6.52 L./min./M.®. In this laboratory, the mean cardiac index + S.D. 
determined by the indicator dilution method in normal subjects is 3.60 + 0.62 
L./min./M.*.!® Thus, the discriminative indices were empirically useful through- 
out a range of cardiac indices extending from almost 3 standard deviations below 
to almost 5 standard deviations above the normal mean. 


It will also be evident that, with severe left ventricular failure, an increase 
in the volume of the left side of the heart may, in the absence of mitral regurgita- 
tion, produce false positive scores. Of course, in such cases regurgitation may 
indeed be present as a consequence of dilatation of the mitral ring. All patients 
in the present series were fully or nearly compensated. The efficacy of the dis- 
criminative indices in frankly decompensated patients remains to be determined. 


The rank of a patient in relation to others in his group was not necessarily 
the same for all indices. For example, the ranks of Patient No. 55, in the group 
of 6 patients with predominant mitral regurgitation, for RV/SV, DT, DR, 
DT/MCT, and RV were 6, 5, 4, 3, and 2, respectively. His RV/SV ratio was 
only slightly greater than the highest value in the group with predominant 
stenosis. The prolonged DT and elevated DR, in conjunction with the score 
on the highly specific DT/MCT, supported a diagnosis of predominant regurgita- 
tion. The very high RV reinforced this diagnosis. Thus, an inconclusive result 
on one index may be associated with an unequivocal result on several others. 
It is recommended that the distinction in a given patient between predominant 
stenosis and predominant regurgitation be based, not on any single index which 
has thus far proved satisfactory, but on a battery of such indices. 


SUMMARY AND CONCLUSIONS 


An analysis was made of the roles of the systemic flow, the volume of the 
left side of the heart, and the regurgitation phenomenon as determinants of the 
indicator dilution curves seen in clinical mitral regurgitation, and of the usefulness 
of indices reflecting one or more of these determinants. Dilution curves were 
obtained in 5 normal subjects and 33 patients who had compensated rheumatic 
heart disease confined to the mitral valve. To eliminate the influence of volumes 
which might not vary systematically with the severity of regurgitation, systemic 
venous, right heart, and pulmonary blood volumes were excluded by injecting 
into the left atrium. 

Systemic flow was not significantly affected by the severity of regurgitation. 
Estimates of the volume of the left side of the heart showed the increase expected 
from the clinical and pathophysiologic features of this disease, and this increase 
was proportional to the severity of the lesion. 

It is suggested that the specific effect of valvular regurgitation upon the 
downslope of the dilution curve requires the presence of an anatomic residual blood 
volume in the chamber into which blood regurgitates. The effect is inevitable in 
mitral regurgitation, because the venoatrial compartment can never be empty. 
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Parameters of the dilution curve sensitive both to the increase in volume 
of the left side of the heart and to the specific effect of regurgitation distinguished 
patients with and without predominant regurgitation. Parameters reflecting 
only the increase in volume had definite, but limited, discriminative efficacy. 
Correction for the effects of volume isolated the specific effect of regurgitation 
at the expense of reducing excellent discriminative indices to indices of limited 
usefulness. 

Thus, it was demonstrated that mitral regurgitation in man differs strikingly 
from that in the experimental model. In the model, flow, volume, and regurgita- 
tion may be varied independently. In man, volume is a dependent variable of the 


severity of regurgitation, and an increase in volume is the chief determinant. 


of the abnormal dilution curves seen in this disease. 

When indicator is injected into the left atrium, disappearance time, re- 
ciprocal of slope, ‘‘residual’’ volume, the ratio of concentration 10 seconds after 
peak concentration to the peak concentration, and the ratio of ‘‘residual’”’ volume 
to stroke volume are recommended as simple discriminative indices. Over a 
wide range of systemic flows and in the absence of appreciable cardiac decompen- 
sation, a battery of such indices reliably distinguishes between predominant 
mitral stenosis and predominant mitral regurgitation. 


We are indebted to Dr. Laurence B. Ellis for his encouragement and advice, to Dr. Robert M. 
Jreissaty, Dr. Gordon Katznelson, and Dr. Samuel W. Stein for assistance with the cardiac 
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technical assistance, and to Miss Faye Chessman for help in the preparation of the manuscript. 
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The Mean Manifest Electrical Axes of Ventricular Activation and Repo- 
larization Processes (AQRS and AT) in Congenital Heart Disease: 
Frontal and Horizontal Planes | 


Carlos Ayala y de Landero, M.D., Gustavo Luzardo-Ramirez, M.D., 
Julia Sanchez M., M.D., and Demetrio Sodi-Pallares, M.D., Mexico, D. F. 


In a recent communication Sodi-Pallares and co-workers! reported their 
study of the distribution of AQRS in the frontal plane, as a valuable procedure 
for determining the main diagnostic possibilities in congenital heart disease. 
This simple method must be performed together with a careful study of all the 
characteristics of the ECG curve. 

In order to complete the aforementioned communication we will analyze 
in this paper the distribution of AQRS and AT in the frontal and horizontal 
planes. Although this procedure is more selective, we do not pretend to offer an 
exact method for diagnosis. We repeat that the analysis of the whole tracing must 
be performed. 

To substantiate their procedure Sodi-Pallares and co-workers! used tricuspid 
atresia as an example. Whenever there is the association of a cyanotic malforma- 
tion with a left axis deviation in. the frontal plane, one must think of tricuspid 
atresia as the main possibility, although there are other diseases that must be 
ruled out. 

We assume, as we have said, that our procedure is more selective: if AQRS 
points spatially to the left, up and backward, and AT, also spatially considered, 
points to the right, down and forward, the diagnosis of tricuspid atresia is implied 
and other diagnoses become more improbable. 

We herewith present three new tables. The first one shows a combined 
distribution of AQRS and AT in the frontal plane. The second one shows similarly 
the distribution of these axes in the horizontal plane. In the third one the simul- 
taneous behavior of these axes in both planes is presented. 


MATERIAL AND METHOD 


We studied 700 electrocardiograms corresponding to congenital heart disease, with special 
attention to the AQRS and AT positions in the frontal and horizontal planes (see Table 1). In the 
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paper by Sodi-Pallares and co-workers, 1,331 cases, most of them taken from the literature, 
were studied.' However, in the present work we were not able to have so large a number because 
only a limited number of articles in the literature showed the complete electrocardiograms neces- 
sary for the determination of the axes. 

Congenital malformation was proved (by catheterization, during surgery, or by autopsy) 
in all the cases chosen here. The cases were selected from the medical literature and from the files 
of the Instituto Nacional de Cardiologia de México.*" 

AQRS and AT in the frontal plane were determined with the help of a recently proposed 
method,? and sometimes by mathematical formulas or tables. We always considered the areas 
enclosed within the deflections. Bayley’s triaxial system was chosen as a basis for the distribution 
of the axes. 

In the horizontal plane, AQRS and AT were obtained following Grant’s method‘ and the 
method proposed by one of us. The diagram chosen to set the axes in the horizontal plane was the 
one determined by precordial leads V2 and V¢, which can be considered approximately perpendic- 
ular to each other, forming a biaxial system with four quadrants, as shown in Fig. 1. The axes 
were ploted in Quadrant IV when there was a predominance of the positive areas in Leads V2 and 
Vs. When the positive area predominated in Lead V2 but the negative area predominated in 
Lead V¢, the axes were ploted in Quadrant III. When the area which predominated as positive 
was only in Lead V¢, the axes were situated in Quadrant I. When the predominance of the areas 
were negative in both leads, the axes were plotted in Quadrant II. 


TABLE I 


ABBREVIATIONS | ABBREVIATIONS 
CONGENITAL MALFORMATION USED FOR USED FOR NUMBER OF 
TABLES II AND III TABLE IV 

Auricular Septal Defect* A 

Fallot’s Tetralogy = 

Interventricular Septal Defect V.S.D V 83 
Pure Pulmonary Stenosis P.P.S. P 67 
Coarctation of the Aorta Co.Ao. c 63 
Patent Ductus Arteriosus P.D.A. D 53 
Fallot’s Trilogy Tril. t 51 
Tricuspid Atresia T.A. At 45 
Ebstein’s Disease Ebs. E 30 
Aortic Stenosis AS. a 26 
Fallot’s Pental Penta. p 25 
Eisenmenger’s Canglen EIS e 22 
Common Trunk oy Cc 15 
Persistent Common Atrioventricular Canal* A.V.C. v 14 
Transposition of the Great Vessels T.G.V. G 12 
Single Ventricle S.V. Ss 10 


*Ostium primum was considered as an incomplete form of common atrioventricular canal and in- 
cluded in this group. 


RESULTS 


Table II shows the behavior of AQRS and AT in the frontal plane. The 
determination of AQRS in a case of congenital heart disease led us to one of the 
sextants of Bayley’s system. After locating the AQRS sextant we determined the 
AT position in the same manner; then, the group of congenital heart diseases 
located in that sextant for AORS was subdivided into six more groups, resulting 
in selectivity and discrimination. 

A schematic diagram showing the behavior of AQRS and AT in the hori- 
zontal plane is presented in Table III. 
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Table IV shows the simultaneous distribution of the ventricular activation 
and repolarization axes in both planes. Some training is necessary in order to be- 
come familiarized with this combined plane table which simplifies and facilitates 
this procedure. 

Examples for Using the Tables.— 

For Table II the electrocardiogram is shown in Fig. 2. AQRS is located in 
the first sextant of Bayley’s system. AT could be located either in the fifth or in 


TABLE II. DiIsTRIBUTION OF THE MAIN CONGENITAL HEART DISEASES IN THE FRONTAL PLANE* 


Coso. [3] 


AP 


lan] 


PPS. [1] 
v5.0 C1] 
PDA C1) 


*Note that in each one of the sextants of Bayley for AQRS are placed other triaxial systems cor- 
responding to AT in the same frontal plane. 


Ebs. (1) 
ASD [1] 
AT-F 
TA. (3) 
EIS. {2) 
Ebs. 
TA fal ft 
ave. 3) \ASOD [1 Ebs. (1) 
pes. [2] 
EIS. [2] 
S.V. (1) 
ASD. C1 
Tri, (5) ASD [4] 
Penta AS (2) ry [4] : 
GV. [2 ASD. [4 [7] ave. 3] 
Tri 2) Tav. (3) [5] [1] 
Tetra VS.0. (3) ASD [4] 
Como. (4) PPS. (1) ave. [4] 
[4] EIS. PDA. [2] 
PDA. (1) Sv. Eos. 
AVC. (1) 
AQRS-F 
Trit. (201 
PPS. 
Tetra. 
Es. 
ASO [6] 
PDA. (3) PDA 1) 
(2) pps. 
[1] 
EIS (1) 
ATF Terra : 
AS. (5) 
PDA 
= as $3 T.A. (1) 
ASD 
rae Coke. (21 
EIS. AS. 
6 ASD. [23] 
Tril. v.S.0. 
SV. Co. Ao. 
CT. POA. 10) 
(3.0. Terra. (10) 
Tetra AS. (8) 
PPS. if Tril. (5) 
Ebs. (4) 
asd EIS. (4) 
Tév. TA. (1) 
Tril. 
AVC. 
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the sixth sextants. The main possibility for any one of these two sextants in which 
the AT is located corresponds to tricuspid atresia, which is the diagnosis for the 
patient whose electrocardiogram is shown in Fig. 2. . 


TABLE III. DistRIBUTION OF THE MAIN CONGENITAL HEART DISEASES IN THE 
HORIZONTAL PLANE* 


V. (1) 
A.S. (1) EIS. 


= 
— 
> 
< 
MMMM 


A.S (8] Co. Ao. (39) 
A.S.D. [9] Co. Ao (7] TA. (26) 
P.P.S. T.A. [6] A.$.0 (15) 
Penta (3) A.S. Vv. 5. 0. [14] 
TA. {2] V.S. 0. (2) P.D.A. (14) 
Tri. C2] T.GV. A.S. (14) 
V.5.D. P.P.S. {1] P.P.S. (12) 
EIS. (1) S. V. (1] Ebst. (10) 

P.D.A. 

Tril [1] Tetra 
A 


.$.D 

7.6. ¥. [1] v.$.D [15] .D.A 
AVC [1] Penta {9] 
(1) PPS. (11) A. (3] 
A. 5S. D. (1) A.S.D [10] Vv. S.D. [1] EIS. 
P.D.A [9] (3) 
EIS. [8] Tetra (3) 
C.T. {7] AVC (2) 
S. V. [4] Co. Ao. (2) 
TGV. [3] Tril 
AVC {2] 5. V. (41) 
TA T.6.V. 
Ebst. Ci] 
A.S. 


*Note that in each one of the quadrants for AQRS are placed other horizontal plane representa- 
tions for AT. 


Co. AO. [10] 
v.5.0. (10) 
Tril. (1) 
Eis. C1) 
A.S. 0. {28 
Tril. {21] 
PPS [18] P.D.A. if) 
. V.$.0. AVC {5) 
Tetra. (14] V.S.D. (5) 
Tril. (5] Ebst. {10] Ebst. [4] 
PPS. Penta [9] P.P.S. {2] A.S. D. [4] 
Terra. {1] T.6.V. (5) Co. Ao. [2] Tetra (3) 
EIS. (1) P.D.A. TA. [1] P.P.S. (2) 
EIS. (4] Tril. EIS. [2] 
A. S. (1) TA. (4) 
Co. Ao. {21 P.D.A. (1) Tril. (1) 
AVC A.S.D. Co. Ao. (1) 
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As an example for Table III, the electrocardiogram of Fig. 3 shows 
negative areas predominating in Leads V2 and Vs. Then AQRS is localized in the 
second quadrant. The T wave shows positive areas in both leads. Then AT must 
be located in the fourth quadrant. The main possibilities for these situations are: 
Fallot’s tetralogy, interatrial septal defect, pure pulmonary stenosis, etc. The 
diagnosis in this case was tetralogy of Fallot. 

As an example for the determination of the main diagnosis using both 
planes simultaneously (Table IV) Fig. 4 is presented. In Fig. 4 AQRS is around 
— 160 degrees, that is, in the third sextant, while AT is around +30 degrees, which 
corresponds to the sixth sextant. QRS is positive in Lead V2 and mainly negative 
in Lead V, (third quadrant), and T is negative in Lead V2 and positive in Lead Ve 


TABLE IV. COMBINED DISTRIBUTION OF THE MAIN CONGENITAL HEART DISEASES IN THE FRONTAL 
AND HORIZONTAL PLANES* 


*This table represents a synthesis of Tables II and III. 


| 
AT-F 
@) ane 
af 
> AT-F 
t/a? | 
lat a Ve 
fans) T D 
be foe) 1D A 
A = ASD Vee 4 LA G = TGV 
@= As DAG 24 D P = PPS 
At= TA if, x = Penta 
C = Coho Z2ivalAlvyve T Z T = Tetra 
D = PDA PDAS = Tril 
E = Ebst Calcv| PcG v= 
= EIS £64 IV = AVC 
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(first quadrant). The main possibilities for this kind of combination are: transposi- 
tion of the great vessels, ventricular septal defect, trilogy and pentalogy of Fallot, 
interatrial septal defect, etc. The proved clinical diagnosis of this case was 
pentalogy of Fallot. 


& 


I 
Quadrant I 1 Quadrant I 
V2 Ve V2 Ve 
as = + 
| 
+180° — ree +0° 
Quadrant I Quadrant IZ 
V2 Ve V2 Vo 
+ + + 


+90° 


Fig. 1.—Schematic representation of the horizontal plane, which is divided for practical purposes into 
four quadrants. 


Fig. 2.—Tracing corresponding to a patient with tricuspid atresia. AQRS in the frontal plane is situated 
at —30° (first sextant of Bayley), and AT is located near +60° (fifth or sixth sextants). 


DISCUSSION 


We chose the AQRS and AT vectors in the frontal plane, and the AQRS and 
AT vectors in the horizontal plane as four characteristics of the electrocardiogram 
which would serve as a means of reaching a diagnosis in congenital heart disease. 
We have been told that any number of other characteristics of the electrocardio- 
gram could be added to our tables—resulting in a table having more subdivisions 


‘ 
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| 
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and complications. Of course, this is true, and the gain would be more selectivity 
and the existence of more possibilities for a diagnosis. In fact, we believe that 
eventually, information of this type can be channeled through the electronic 
machines. 


Fig. 4. 


Fig. 3.—Tracing corresponding to a patient with tetralogy of Fallot. In Leads V2and V¢ the area of 
QRS is mainly negative (second quadrant), and in the same leads the T waves are positive (fourth 
quadrant). 

Fig. 4.— Tracing corresponding to a patient with pentalogy of Fallot. AQRS in the frontal plane is 
around — 160° (third sextant); AT is around +30° (sixth sextant); QRS is positive in Lead V2 and mainly 
negative in Lead V, (third quardant), and the T wave is negative in Lead V2 and positive in Lead V5, 
(first quadrant). 


We insist upon the study of the entire electrocardiogram, and do not consider 
the tables as a substitute for the complete analysis of the tracing. Our procedure, 
however, gives us the main diagnostic possibilities, in which at least four factors 
coincide in a given tracing. We must not forget that the diagnostic possibilities 
are oriented only to the most common diseases. Complex anomalies and others 
(anomalous pulmonary veins, essential pulmonary hypertension, etc.) are not 
included. These tables, therefore,-must be considered as a simple aid to oes 
clinician who works in congenital heart disease, 


j 
rf 
| III 
Dl D2 D3 
VL VF VR VF | 
v4 V5 v6 
Fig. 3. a7 
Je 
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SUMMARY AND CONCLUSIONS 


A method for a diagnostic approach in cases of congenital heart disease is 
proposed, based on the spatial location of AQRS and AT. This method gives the 
main diagnostic possibilities in accordance with the position of the axes in the 
tables presented in this paper. We recommend that all the tracings be studied 
carefully, keeping in mind the characteristic patterns previously described.! 
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Case Reports 


Electrical Alternans With Unusual Features 


Leo Schamroth, M.B., B.Ch., M.R.C.P.(Edin.), F.R.F.P.S., Fay Segal, M.D. 
(Rand), and David Rabinowitz, M.B., B.Ch., M.R.C.P. (Lond.), M.R.C.P. (Edin.) 
Johannesburg, South Africa 


/ Electrical alternation is a common accompaniment of fast rhythms, not- 
ably paroxysmal tachycardia. Its association with slow rhythms is infrequent. 
The following is a report of a case which exhibited marked electrical alternans 
unassociated with tachycardia, and, in addition, group alternans and complexes 
with marked aberration of the conducted impulse. 


CASE REPORT 


A 36-year-old African male was admitted to the hospital in congestive cardiac failure. Clin- 
ical examination revealed a normal blood pressure (120/85 mm. Hg), hypokinetic circulation, and 
a protodiastolic gallop rhythm. No etiological factor could be found for the cardiac failure. This 
type of “idicpathic’’ heart failure is frequently seen in the African population in Johannesburg 
and has been well described.'* 

Therapy with digitalis and a mercurial diuretic was begun on admission and was maintained 
throughout the patient’s stay in the hospital. The electrocardiographic abnormalities described 
below were noted in the first tracing taken on the third day in the hospital and persisted for a fur- 
ther 10 days. They disappeared concomitantly with the regression of the cardiac failure and did 
not recur during the ensuing 2 weeks of his hospitalization. 

Electrocardiography.—A,B,C, and D of Fig. 1 are consecutive but not contiguous sections of 
a continuous strip of Lead V; and demonstrate the various features described below. 

1. Marked electrical alternation in amplitude and contour of the ventricular complexes, 
particularly well seen in strips B/ and B3: For descriptive purposes, the QRS complex of larger 
amplitude will be referred to as Type I, and the QRS complex of smaller amplitude, as Type II. 
This form of electrical alternans is thus an alternation of the Type I and Type II complexes. 
The P waves are identical in size and shape. The P-P and R-R intervals, apart from slight 
variations due to respiratory arrhythmia, are constant. The P-R interval of both Type I and 
Type II complexes is 0.16 second; the duration of both types of QRS complexes is 0.07 second. 
T-wave inversion is more marked following the Type II complex. Slight variation in the con- 
figuration of the Type II complexes is also noted, e.g., strip B3, complexes 3,5,7, and 11. 

2. Group alternation, best seen in the second half of strip A2 and the beginning of strip A3: 
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It consists of groups of three consecutive Type I complexes separated by a single Type II complex. 
Slight alternation within the Type I complexes is also noted. 

3. Sporadic interruption of the above-mentioned patterns of electrical alternans by ven- 
tricular complexes of different contour resembling the R-R’ pattern of right bundle branch block: 
This change occurs abruptly and is best seen in strips A/, A3, A4, and B2. The spacing of these 
complexes reveals no relationship to the respiratory cycle. A gradual transition to the pattern 
of right bundle branch block is shown in strip B2, complexes 5 to 8. The right bundle branch form 
of complex will be referred to as Type III. These complexes are preceded by sinus P waves having 
a contour similar to those preceding the Type I and Type II complexes, and having the same P-R 
interval of 0.16 second. The duration of the Type III QRS complex is 0.10 second. The R-R 
intervals are not altered by the presence of the Type III complex. Following each Type III 
complex, alternation is, for a variable period, much less pronounced. Thus, each Type III com- 
plex is followed by a group of Type I complexes showing only slight electrical alternans within 
the group. The pattern then gradually reverts to the form of electrical alternans described under 
(1), viz., alternation of the Type I and Type II complexes. 

4. Occasional P waves of abnormal contour which are invariably followed by QRS complexes 
differing from those described above but resembling the Type III QRS complex, e.g., in strip 
C following the fifth and ninth P waves (Figs. 1 and 2): The P-R interval is 0.14 second. This 
form of QRS complex will be referred to as Type IV. Following this type of complex, alternation 
is once again much less pronounced. 

5. A P wave of different contour (fifth from the end of strip B3 of Fig. 1) which is followed 
by a QRS pattern resembling the Type I complex but with a deeper S wave: The P-R interval 
is 0.15 second. 

6. A premature ventricular ectopic beat (seventh QRS complex in strip D of Fig. 1). 


DISCUSSION 


The exact mechanism of electrical alternation is not completely under- 
stood. Two current theories are: (1) Anatomic alternation of cardiac position. 
This is thought to be the mechanism responsible for the electrical alternation 
which is often noted in pericardial effusion, the anatomic alternation being facili- 
tated by fluid in the pericardium.** (2) A marked prolongation of the refractory 
phase of some part of the heart so that, following a previous activation, a sub- 
sequent impulse finds some region of the myocardium still refractory.’ This 
latter explanation is applicable to our case. Thus, Type I complex results from 
normal activation throughout the myocardium (diagrammatically illustrated 
in Fig. 3,4). The Type II complex represents incomplete activation of the 
myocardium due to a localized depressed region of the heart which has remained 
refractory (Fig. 3,B). This localized depressed region may be in the muscle 
itself or in the conduction network. This incomplete activation permits tem- 
porary recovery of the depressed region and is therefore followed by a normal, 
i.e., Type I, complex for a single cycle only. The Type I and Type II complexes 
thus alternate, giving rise to electrical alternans. 

The Type III complex represents a limited or preferential conduction path- 
way, probably employing only the left bundle branch system, and thereby com- 
pletely resting the contralateral bundle (Fig 3,C). This facilitates temporary 
recovery of the contralateral bundle and the depressed region subserved by that 
bundle. Consequently, for several cycles following this complex, conduction 
follows near-normal pathways, and slight electrical alternans is noted only within 
the Type I complexes. | 
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Fig. 2.—Enlargement of Fig. 1,C. For explanation, see text. 
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Fig. 1.—A,B,C, and D are consecutive but not contiguous strips of Lead V;. 
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maturely. They are followed by a P-R interval of 0.14 second, which is shorter 
than the P-R intervals preceding Types I, II, and III complexes (0.16 second). 
The shorter P-R interval results in the early arrival of this ectopic impulse at 
the A-V node and is followed by aberrant ventricular conduction. This is prob- 
ably due to the earlier recovery of the left bundle branch system while the right 
bundle branch is still refractory. This again results in temporary recovery of 
the depressed region comparable to that following the Type III complex. 

Thus, it appears that complete rest of a bundle branch system enhances the 
recovery of a depressed area either in the system itself or in the myocardium served 
by that particular system. This is in contrast to the shorter period of recovery which 
follows conduction through a bundle branch system but which bypasses a depressed 
region served by that particular system. 


B 


Fig. 3.—Diagrammatic representation of ventricular activation. A, Normal conduction—Complex 
Type I. B, Conduction in Complex Type II. C, Aberrant ventricular conduction—Complex Type III. 
Continuous lines indicate conduction, and interrupted lines indicate absence of conduction. 


Normally, both bundle branches have equal refractory periods. Most 
reports of intermittent bundle branch block indicate that in this condition there 
are different refractory periods for each bundle branch. The different recovery 
rates may be demonstrated when there are different cycle lengths. Thus, when 
the preceding cycle length is sufficient for recovery of one branch only, bundle 
branch block occurs. Conversely, when the preceding cycle is of sufficient dura- 
tion to allow recovery of both bundles, normal conduction ensues. Thus, varying 
cycle lengths in the presence of differential recovery rates of the bundle branches 
may result in a form of intermittent bundle branch block. 

Recovery of a depressed bundle branch may be facilitated if both ventricles 
are stimulated entirely by the contralateral bundle, thereby allowing adequate 
time (a complete cycle) for the depressed bundle to recover. Asa result, a cycle 
due to stimulation by the contralateral bundle only (bundle branch block) is 


The abnormal P waves preceding the Type IV complex do not occur pre- | 
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followed by a cycle due to stimulation by both bundles (a normal cycle). This 
would result in either alternating bundle branch block or bidirectional rhythm. 

Electrical alternans may also be due to a similar mechanism based on the 
hypothesis that complete lack of transmission, or only partial transmission, 
through a bundle would completely or partially rest the bundle and thus facilitate 
its recovery. Thus, a normal cycle is followed by a cycle which results from 
stimulation by both a bundle which has completely recovered and a bundle 
which transmits the impulse but is partially depressed. The following cycle again 
finds both bundles completely recovered. 

The common finding of electrical alternans with tachycardia probably repre- 
sents a slight difference in recovery rates of the bundles, which is a normal phys- 
iologic phenomenon with rapid rates. At slower rates, however, electrical 
alternans is pathologic and is due to prolongation of the refractory period of a 
diseased bundle branch—a prolongation disproportionate to that of the contra- 
lateral bundle. Our case represents a more complex form of this state. 

Therefore, intermittent bundle branch block and electrical alternans both 
reflect an increase in the refractory period.of one bundle branch. Intermittent 
bundle branch block or bidirectional tachycardia probably represents a more 
advanced phase of electrical alternans. j 


SUMMARY 


1. A case is reported showing marked electrical alternans, unassociated 
with tachycardia, and, in addition, group alternans and intermittent complexes 
resembling right bundle branch block. 

2. Electrical alternans is explained on the hypothesis that recovery of a 
bundle branch is facilitated by complete lack of transmission, or only partial 
transmission, through the bundle. branch. 

3. The relationship between intermittent bundle branch block and elec- 
trical alternans is discussed. It is postulated that the underlying mechanism 
in both conditions is a marked prolongation of the refractory period of one bundle 
branch. 
We would like to thank Dr. I. Frack, Superintendent, Baragwanath Hospital, for permission 


to publish this case. Our'thanks are also due to Mr. A. Shevitz of the Photographic Department, 
University of the Witwatersrand, for the photographic, reproductions. 
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Intermittent ‘‘Normal” Ventricular Conduction Appearing in 


Left Bundle Branch Block: A Vectorcardiographic Study 


J. David Bristow, M.D., L. M. Goldberg, M.D., B. M. Parker, M.D., and 
L. W. Ritemann, M.D., Portland, Ore. 


The entity of intermittent delay or block of conduction in the left branch of 
the bundle of His has been well described.! When left bundle branch block is 
established at a given heart rate, less delay of ventricular conduction or normally 
conducted beats may sometimes be seen as the heart rate slows. This presumably 
is related to an increase in the time available for recovery in the affected bundle 
branch.? In some patients critical heart rates have been found, above which rate 
bundle branch block prevails and below which normal ventricular conduction 
is present.’ In patients with bundle branch block, transient normal conduction 
has been noted following long pauses in atrial fibrillation and atrial flutter.® It 
also has been described after premature beats with compensatory pauses.!:?" 

We have recently seen a patient whose electrocardiogram showed left bundle 
branch block (LBBB) and frequent premature ventricular contractions with 
compensatory pauses. Following each pause, a single ‘‘normally” conducted beat 
occurred. Succeeding QRS complexes were again those of LBBB. This sequence 
of beats was consistently repeated and was present in all thirteen leads of the 
routine electrocardiogram. Its constant repetition made it possible to obtain 
spatial vectorcardiograms which displayed these different patterns of ventricular 
conduction. 


CASE HISTORY 


This 68-year-oid white man was admitted to the Portland, Oregon, Veterans Administration 
Hospital with acute pharyngitis on Jan. 18, 1959. His cardiovascular history began in 1950, 
when he developed recurring episodes of substernal chest pain, directly related to exertion and 
relieved by rest and sublingual nitroglycerin. In addition, he suffered three episodes of more 
severe and prolonged chest pain for which he was hospitalized in 1950-51. The first episode was 
due to an inferolateral myocardial infarction. The other two bouts of pain were ascribed to coro- 
nary insufficiency. Since that time the patient had continued to have angina pectoris, but no new 
myocardial infarction was known to have occurred. He had taken digitalis when anginal pain 
was frequent, but apparently was not on a scheduled program of digitalis therapy. 


From the Veterans Administration Hospital, Portland, Ore. 
Received for publication June 1, 1959. 


905 


4 Hay 
fre 
€ 
{ 
Ng 
4 
4 


906 BRISTOW, GOLDBERG, PARKER, AND. RITZMANN pin Bets 


At the time of the present hospitalization no abnormalities of the cardiovascular system were 
noted on physical examination except for frequent premature contractions. There were no signs 
of congestive heart failure, and a chest roentgenogram showed a normal cardiac shadow. 


ELECTROCARDIOGRAMS 


The recent tracing is shown in Fig. 1. Sinus rhythm is present with a rate 
of 84 per minute and the P-R interval is 0.19 second. The basic configuration is 
that of LBBB with a QRS duration of 0.15 second. Frequent premature ven- 
tricular contractions are present, and following each is a compensatory pause. 


=| 


Fig. 1.—ECG obtained in 1959, displaying the sequence of complexes as described in the text. 
1, LBBB complex. 2, Premature ventricular contraction. 3, ‘‘Normal’’ conduction. 


The next complex is always seen to be narrower, with a QRS duration of 0.09 
to 0.10 second in the limb leads. These complexes are of a different configuration 
than those of LBBB and represent what we believe is normal or nondelayed 
ventricular conduction in this patient. The sequence then consists of several 
LBBB beats, one premature ventricular contraction, one ‘“‘normally’’ conducted 
complex, and then several more LBBB beats. 

The QRS complexes which we have considered to result from nondelayed 
ventricular conduction are distinctly different from those in the 1951 electro- 
cardiogram (Fig. 2). The small Q waves present in Leads I, Vs, and V¢ in 1951, 
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are absent on the recent tracing, and the QRS complexes have become slightly 
widened, so that the presence of incomplete LBBB needs to be considered. There 
is also a decrease in the height of the R waves in Leads V2-V,, with full QS com- 
plex in Lead V,; (and Lead V4g) in these ‘‘normally’’ conducted beats, as com- 
pared to the 1951 record. This could result from an old anteroseptal infarction. 
The nondelayed beats in Lead aVr of the current record show no significant 
changes from the 1951 tracing and strongly suggest an inferior infarction, al- 
though large Q waves diagnostic thereof are absent. 


VECTORCARDIOGRAMS 


Spatial vectorcardiograms (VCGs) were obtained using the cube reference 
frame as proposed by Grishman,® with a Sanborn vector system and Viso-Scope 
oscilloscope. The beam is interrupted 400 times per second, and the resulting 
markings are directed with the wider end forward. The images were photographed 
from the oscilloscope screen by time exposure of 35-mm. film. Sagittal projections 
are viewed from the right side of the cube. Because of the repeated sequence of 
LBBB, premature, and nondelayed beats, it was possible to obtain VCGs of 
the three types of ventricular conduction. 


Fig. 2.—ECG obtained in 1951, demonstrating residual changes from the patient’s 
inferolateral infarction. No ventricular conduction delay is evident. 


When LBBB is present (Fig. 3), the patient’s QRS loop is found in the left 
posterior part of the cube, midway between the superior and inferior halves. 
Initial movement of the loop is to the left and posteriorly, without an anterior 
or rightward component. The direction of inscription in the horizontal projection 
is clockwise, as it is in the sagittal plane. Counterclockwise inscription is seen 
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in the frontal projection. There is evidence of ventricular conduction delay from 
the large number of time markings and their close proximity to each other. The 
QRS loop fails to close and the T loop is discordant. 

The QRS loop of the premature ventricular contraction is directed to the 
left and superiorly (Fig. 4). Conduction delay is evident in the first portion of 
the loop. 


Fig. 3.—Spatial VCG obtained with the cube reference frame. H = horizontal projection, S = right 
sagittal projection, F = frontal projection. LBBB is present as demonstrated by conduction delay in the 
QRS loop, posterior orientation of the loop, clockwise direction of inscription in the horizontal projection, 
and discordant T loop. In the lower right corner is an enlarged view of the sagittal projection. 


When “normal’”’ ventricular conduction is present, there are marked changes 
in the QRS loop, as seen in Fig. 5. There is a figure-of-eight configuration in the 
horizontal projection, with clockwise inscription in the distal part of the loop. 
In the sagittal plane the direction of inscription is counterclockwise, and again 
clockwise in the frontal projection. These latter two changes are the reverse of 
that seen when LBBB was present. Initial anterior movement of the beam is 
not seen in the horizontal or sagittal projections, and ventricular conduction 
delay is not evident. The spatial T loop is now directed more anteriorly and 
superiorly and is deviated markedly from the QRS loop. The initial move- 
ment of the QRS loop directly posteriorly and its generally posterior position we 
interpret as indicating anterior myocardial infarction. The initial part of the 
loop is also above the isoelectric spot for at least 0.03 second; this, plus the 
counterclockwise direction of inscription in the sagittal plane, is compatible 
with inferior (diaphragmmatic) infarction. | 
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Fig. 4.—Left: Double exposure in horizontal plane, showing LBBB complex with posterior orienta- 
tion, and premature ventricular complex directed to the left. Right: Double exposure in the sagittal 
projection, showing premature beat directed superiorly and complex with ‘‘normal’’ conduction oriented 
posteriorly. 
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Fig. 5.—VCG obtained from the complexes following the premature beats. Ventricular conduction : 

delay is not seen. The direction of inscription of the QRS loop has reversed in the sagittal and frontal ; 

projections from that seen when LBBB was present, and has become figure-of-eight in the horizontal 

plane. In the lower right corner is an enlarged sagittal view. This QRS configuration is believed to 
represent anterior and inferior (diaphragmatic) infarction. 
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DISCUSSION 


The fortuitous occurrence of premature beats followed by single complexes 
with transiently improved ventricular conduction provided the opportunity to 
obtain this study. An electrocardiographic diagnosis of myocardial infarction 
was not possible when LBBB was present, but was suspected from the nonde- 
layed complexes. These ‘“‘normally’’ conducted beats in the recent ECG show 
interesting changes from the 1951 record. The slight QRS widening, the loss of 
septal Q waves in Leads I, V;, and Vs, and the decrease in R-wave amplitude 
in Leads V;.4 could indicate incomplete LBBB, but also might well be residuals 
of an old anteroseptal infarction. Burch’ has described an electrocardiographic 
syndrome with initial positivity in Leads I, V;, and Vs associated with septal 
fibrosis, usually without gross septal infarction. This occurred without evidence 
of ventricular conduction delay. On the basis of the ECG alone, we cannot say 
whether the nondelayed beats in our patient represent a syndrome due to septal 
fibrosis, an old .anteroseptal infarction, or a minor degree of LBBB. Inferior 
myocardial infarction was strongly suggested in the diaphragmatic leads, but 
the Q waves were not sufficiently deep or broad to make an unequivocal diag- 
nosis of infarction. Wolff* has clearly shown that posterior (inferior) infarctions 
are often present without classic electrocardiographic signs. 

The VCG shown in Fig. 3 fulfills the diagnostic requirements for LBBB.?!® 
When this conduction defect is present, it is generally not possible to diagnose 
infarction, just as is the case with the ECG. The VCGs of the “‘normally”’ con- 
ducted beats are interpreted as representing infarction in two areas of the heart, 
according to accepted criteria."' They are not felt to show incomplete LBBB. 
Gardberg and Rosen” have described a patient with various degrees of LBBB 
studied with the VCG. Intermediate stages of LBBB produced a QRS loop which 
in the horizontal projection was somewhat similar to our case, but sagittal pro- 
jections were not shown. However, as Sodi-Pallares® indicates, clockwise in- 
scription is present in the sagittal projection in all degrees of LBBB as well as 
in normal loops. This is the reverse of that seen in our case. We believe then that 
the configuration of the nondelayed complexes is due to both anterior and in- 
ferior infarction, the latter well substantiated by the past clinical evidence in 


this patient. 


SUMMARY 


A patient with known arteriosclerotic heart disease is presented, whose 
electrocardiogram demonstrated a consistently repeated change from left bundle 
branch block to transiently more normal ventricular conduction, following pre- 
mature beats. Spatial vectorcardiographic study of the different types of com- 
plexes was thus made possible. The presence of two myocardial infarctions, 
suspected in the electrocardiogram, was confirmed by the vectorcardiographic 
findings. 
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Temporary Atrial Ischemia in a Case of Hiatus Hernia 
Nevzat Savranoglu, M.D., and Louis Lemberg, M.D., F.A.C.P., Miami, Fla. 


In spite of increasing interest in the recognition of the electrophysiologic 
disturbances of atrial musculature, there have been relatively few clinical reports 
demonstrating such abnormalities. These reports deal with permanent changes; 
however, electrocardiographic evidence of temporary insult to the atrial muscle, 
such as ischemia, has been produced by mechanical means during cardiac cathe- 
terization (demarcation or pressure potentials).! Review of the literature failed 
to reveal a clinical case of transient atrial ischemia as a complication of other 


visceral involvement. 
The purpose of this report is to present.a case of atrial ischemia in a patient 


with a large hiatus hernia.- Atrial ischemia as noted on the initial electrocardi- 
ogram occurred at the time of severe upper abdominal distress and disappeared 
in subsequent tracings taken 17 and 45 hours later. ° 


CASE REPORT 


M.B., a 50-year-old white woman bookkeeper was-admitted to the hospital with a 3-year 
history of upper gastrointestinal distress occurring 10 to 15 minutes after meals and lasting about 
30 minutes. These episodes were not related to the intake of any specific type of food. The treat- 
ment in the past consisted of a low-fat diet, phenobarbital, and atropine. The last acute episode, 
which resulted in her hospitalization, occurred on Oct. 15, 1957. Following a usual meal, she 
developed severe mid-epigastric pain which did not subside, and which resulted in an emesis of 
undigested food. The patient’s pulse became imperceptible during an episode of transient syncope. 
Treatment consisted of 100 mg. of Demerol parenterally, which was repeated within an hour, 
with improvement. There was no history of hypertension, heart disease, or any type of chest 
pain in the past. Her family history was not remarkable. The past medical history was essentially 
negative except for an appendectomy at age 20 and abdominal surgery for ‘‘adhesions”’ at age 40. 

Physical examination revealed a well-developed and well-nourished, moderately obese woman 
who was in acute distress because of severe localized mid-epigastric pain. The blood pressure was 
120/75 mm. Hg; the pulse rate was 90 per minute and regular; the respirations were 22 per minute; 
the temperature was 98.6°F. There were no abnormal findings other than marked tenderness in 
the mid-epigastric area on mild pressure. The bowel sounds were hypoactive. 

The laboratory findings were as follows: The urinalysis was normal. The hemoglobin was 
13.9 Gm. per cent. The RBC was 4.67 million per c.mm. The hematocrit was 45 per cent. The 
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PeECORDIAL LEADS. 


Fig. 2.—An electrocardiogram taken 17 hours after the one shown in Fig. 1. The p-T, segments 
have returned to the isoelectric line. 
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Fig. 1.-—Initial electrocardiogram revealing the marked P-T, segment shifts described in the text. a 
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leukocyte count was 11,000 with a differential of segs. 58 per cent, stabs. 29 per cent, and lympho- 
cytes 13 per cent. The sedimentation rate, corrected Wintrobe, was 19 mm. in one hour. The blood 
urea-nitrogen was 10.8 mg. per cent, total serum protein 7.10 Gm. per cent, albumin 4.4 Gm. 
per cent, globulin 2.64 Gm. per cent. The serum glutamic oxaloacetic transaminase 8 hours after 
the acute onset was 40 units, and 6 hours later it was 26 units. An electrocardiogram taken on 
admission revealed marked depression (up to 2.5 mm.) of P-T, segment in Leads II, III, and 
aVr, with reciprocal elevation of this segment in Leads aVy and aVk. Slight prominence of the 
U waves was noted (Fig. 1). Subsequent tracings 17 and 45 hours later revealed normal P and 
P-T, segments (Fig. 2). An x-ray of the heart and lungs and a gall-bladder series were negative. 
A gastrointestinal series revealed a paraesophageal hernia (Fig. 3). 

Surgical interventicn for repair of the hernia was carried out on Nov. 27, 1957. At surgery, 
the major portion of the stomach was found in the mediastinum, lying adjacent to the posterior 
aspect of the heart. Reduction and repair of the hernia was uncomplicated. The postoperative 
course was uneventful and the patient was discharged from the hospital asymptomatic and 


improved. 


Fig. 3.—Gastrointestinal x-rays, posteroanterior and right lateral views. The paraesophageal 
posterior displacement of the upper third of the stomach is best seen in the lateral view. The barium- 
filled esophagus is clearly outlined immediately posterior to the herniated stomach. 


DISCUSSION 


The electrocardiographic manifestations of atrial insult, either as a con- 
comitant finding with myocardial (ventricular) infarction or as an isolated entity, 
usually consist of changes in the configuration of the P wave, elevation or de- 
pression of the P-T, segment (atrial T wave), and the sudden onset of various 
atrial dysrhythmias.?“* The abnormal P-T, contour may escape detection be- 
cause of its fusion with ventricular complexes. Atrial fibrillation may make the 
distinction impossible; however, coexistence of first, second, and third degree 
A-V block facilitates the recognition of this abnormal segment. 
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Much emphasis has been placed on the shift of the P-T, segment. The range 
of this segment has been estimated by several authors in both normal and ab- 
normal conditions, taking into account the effects of varying heart rate and the 
size of the P wave.*-* The normal values given for the depth of this segment were 
between 0 and 1 mm. 

In this case, there is a depression of the P-T, segment in Leads II, III, and 
aVr, and elevation of this segment in Leads aVy and aVr. These segment dis- 
placements are clearly seen on the electrocardiogram, and average 2.5 mm. above 
or below the isoelectric line (Fig. 1). The patient had no tachycardia or any 
clinical or radiologic evidence of emphysema. Cardiac drugs such as digitalis, 
which may produce depression of the P-R segment by altering the repolarization 
process of the atrium, were not administered. The electrocardiographic changes 
were marked but transitory. The absence of P-wave abnormalities in subsequent 
tracings lent further support to the belief that the process was transient in nature. 
At surgery, the stomach was found to be adjacent to the posterior aspect of the 
pericardium and anterior to the esophagus. We concluded, therefore, that the 
mechanical effect of acute pressure on the atrium had produced transient posterior 
atrial wall ischemia. 


SUMMARY 


A case of acute transient ischemia to the atrium is presented. This condition 
was believed to be produced by acute pressure of the stomach on the posterior 
wall of the heart following paraesophageal hiatal herniation. 


The authors wish to express their appreciation to Dr. Allen de Olazarra and Dr. Harold M. 
Unger for the privilege of studying this case. 
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Review 


The Pathologic Physiology of Pulmonary Embolism. A Physiologic 
Discussion of the Vascular Reactions Following Pulmonary Arterial 


Obstruction by Emboli of Varying Size 


J. Roger Nelson, M.D.,* and John R. Smith, M.D., St. Louis, Mo. 


The constantly accumulating information concerning the physiologic effects 
of pulmonary arterial obstruction is bringing to the foreground new concepts 
of the pulmonary circulation in health and disease. In recent years there has 
been particular interest in the reactions to small or miliary emboli of the lungs 
and the role of vasomotion in. the circulatory obstruction of the lungs resulting 
from the accident. These mechanisms, if they exist, are not without importance’ 
in clinical medicine. 

General Origin of Emboli.—It is amply documented that thrombotic emboli 
comprise the most frequent cause of pulmonary vascular obstruction. Venous 
thrombosis resulting from congestive heart failure,'~* following abdominal or 
pelvic surgery,'* in obesity,®* or in other conditions'?:7-!° may give rise to mas- 
sive or large emboli which result in sudden death, or which may eventuate in 
severe infarction of the lungs. On the other hand, venous thrombosis from these 
causes will also produce showers of fine emboli, the effects of which may not be 
manifest until extensive damage to the pulmonary circulation has occurred. 
In this connection it is also significant that congestive failure, myocardial in- 
farction, atrial fibrillation, and endocarditis may provoke thrombus formation 
within the right cardiac chambers, with resultant embolic seeding of the lungs.?:!!»” 
Moser™ has suggested that sickle cells may assume their characteristic form in 
the venous channels under conditions af diminished venous oxygen saturation 
(anemia, exercise). These cells may then lodge in the lungs to form the nidus for 
a thrombus, with possible infarction of the tissue. 
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Transit of Emboli in Veins—When a thrombus is detached from a venous 
wall, either as a cast of the lumen or as a “‘spray”’ of small fragments, it is freely 
borne to the right heart and thence to the lungs. In fact, it is known that the 
thrombi move along thc venous streams with surprising rapidity. It is possible 
by fluoroscopy to follow the transit of radiopaque foreign bodies in the great 
veins. Under these experimental conditions, when the embolic body is caught 
in the axial venous stream, its passage is swift indeed." In traversing the right 
ventricle the more massive clots may be delayed, possibly by enmeshing about 
the papillary muscles, or they may be reduced to fragments and shower the lungs, 
or even pass through the heart unmolested." It is generally known that small or 
minute particles will scatter and embolize multitudes of pulmonary arteries and 
arterioles, probably of all the lung lobes. 

Functional Anatomy of the Pulmonary Vascular Bed.—A general consider- 
ation of the normal pulmonary vascular system should be helpful in delineating 
the important features of arterial obstruction of the lungs. (See Fig. 1.) 

The right ventricular output is propelled into the lungs under low pressure 
(mean, 10 to 15 mm. Hg). The resistance to flow through the pulmonary vessels 
is also low, and the arterioles probably account for the major resistance points 
in this circuit. The pulmonary vessels are able to accommodate the blood repre- 
senting the (resting) cardiac output with only a portion of the total lung vascular 
bed.'7-'® Experimental observation has also shown that many arterioles may open, 
and become widely patent under the impetus of increased circulatory load, and 
then close again to prevent flow as circulatory demands subside. This regulation of 
flow is mediated largely by the ‘‘critical closing pressure”’ of these vessels.?°-*4 For 
example, at a pressure of 5 mm. Hg, one group of arterioles may be open to blood 
flow; at a pressure of 6 mm. Hg, another group of arterioles open; and at 7 mm. 
Hg, still others become available for the carriage of blood, and so on. Similarly, 
when arterial pressure falls below the “critical closing pressure,’’ the vessels 
- collapse, and blood flow ceases. All of the determinants of critical closing pressure 
are not known; however, it is probable that variable and changing vasomotor 
tone of the arterioles is directly concerned.”!:*>.? It has been shown that sympa- 
thetic stimulation, epinephrine and norepinephrine increase the critical closing 
pressure,”*> whereas sympathetic denervation, tetraethyl ammonium chloride, 
or hexamethonium compounds diminish it.*! The distal venous pressure seems 

unimportant in influencing the patency of the arterioles when the venous pressure 
is. low.*® On the other hand, the evidence indicates that critical closing pressure 
may be dominantly’ influenced by venous pressure at higher levels.” In addition, 
the surface tensions of blood in the arterioles, as well as tissue pressure,?* may 
also be of importance in determining the collapse or total closure of this minute 
vasculature. This mechanism thereby acts to stabilize pressure. With increases 
in flow and slight increase of pressure, auxiliary channels open, permitting runoff 
of the excess flow so that the pressure returns to the former levels. 

It is a matter of common knowledge that the pulmonary vasculature is 
possessed of relatively enormous reserve capacity. This vascular reserve has 
been demonstrated in several ways: (1) Physical exertion can provoke an ele- 
vation of right ventricular output (i.e., total cardiac output) of 250 to 300 per 
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cent without inducing significant change in pulmonary arterial pressure.”!:*® 
Apparently, the increased volume flow is accommodated by enlargement of the 
available vascular space by overcoming the critical closing pressures of arterioles 
and, possibly, by additional arteriolar dilatation. (2) With constant cardiac 
output, more than half of the vascular area of the lungs can be excluded without 
a significant rise in pulmonary arterial tension.?*- In fact, Steinberg** was able 
to demonstrate in experimental animals that 79 per cent of the pulmonary vascu- 
lar bed could be blocked before persistent elevation of arterial tension occurred. 


(See Fig. 2.) 
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Fig. 1.—Simplified diagrams of the essential features of the pulmonary vasculature. With the 
cardiac output and respiration in resting state, a part of the pulmonary circulation is shut down because 
of closure of arteriolar-capillary-venular circuits, induced probably in part by decline of pressure 
below critical closing force in the vessel walls. During exertion, the more rapidly moving blood volume 
is accommodated in the lungs by the reopening of previously closed arteriolar-capillary-venular seg- 
ments, so that increased volume flow is accomplished with no significant rise in pulmonary arterial 


tension. 


Although the augmentation of pulmonary arterial pressure can be accom- 
plished by mechanical removal of critical quantities of the functioning vascular 
area, it has likewise been established that pulmonary hypertension may result 
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from pulmonary vasomotor responses.*‘-*°.° The rise in resistance is probably 
dominantly related to arteriolar constriction by contraction of a small helical 
band of smooth muscle wound about the minute vessel.*!:* 

In summary, if the elevation of pulmonary arterial pressure occurs from 
measurable obstruction of the normal lung, occlusion of more than 60 to 70 per 
cent of the vascular bed must be accomplished. Nevertheless, an exception oc- 
curs in the congested lung, in which it is probable that less extensive occlusion 
may elevate lung arterial pressure significantly. In this case a greater portion 
of the vascular bed is patent and engorged because of impaired venous outflow, 
thereby decreasing vascular reserve. 


Arterioles Alveoli 


Fig. 2.—The immediate effects of a small pulmonary embolism are to close all of the pulmonary 
vascular channels distal to the occlusion. However, the patency or reopening of other channels will 
accommodate the circulating blood volume through the lungs without the occurrence of pulmonary 
hypertension or circulatory obstruction, unless the majority of arterial passages are occluded. Within 
a short period the opening and expansion of the bronchial collateral blood flow (not shown) will over- 
come the ‘‘critical closing pressure’’ of the pulmonary vessels so that capillary flow is restored, and the 


integrity of the pulmonary tissue is sustained. 


PULMONARY EMBOLISM 


Large or Massive Pulmonary Embolization—When the right or left main 
pulmonary artery of an experimental animal is externally occluded, as with a 
clamp, there is little effect upon pulmonary arterial pressure. However, when 
one of the pulmonary arterial branches is closed by a large thrombotic embolus, 
pulmonary hypertension usually ensues, the systemic blood pressure declines, 
and the right cardiac chambers dilate, with accompanying cardiac failure. The 
peripheral veins become turgid against the failing heart because of continued 
venous return. From the clinical standpoint it is also important that obstruction 
of one of the major vessels by a thrombotic embolus results in pulmonary hy- 
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pertension, shock, extreme dyspnea, and right heart failure.*?** Death may be ' 
precipitant. However, in some instances, massive embolism of either one or part 
of both pulmonary arteries may be attended by survival, with the final occur- 
rence of heart failure years later.*4-** On the basis of experimental work, me- 
chanical obstruction of localized (e.g., lobar) areas of the pulmonary circulation, 
in itself, does not account for all of the physiologic responses of pulmonary em- 
bolism.'®° In spite of numerous studies of these responses, there is little agree- 
ment as to the fundamental processes concerned. Therefore, a brief general 
survey of the explanations of pulmonary hypertension and other catastrophic 
effects of pulmonary embolism may be justified. 

1. Reflexogenic Effects of Lung Emoolization Because of the rapidity with 
which vascular derangement may occur following experimentally produced 
large pulmonary embolism, it is not surprising that some investigators have 
attributed these effects to noxious reflexes. However, several studies have sug- 
gested that reflexes originating in the central nervous system are of little, if any, 
importance in producing the vascular effects of a large pulmonary embolus.! 
Another suggestion has been that local reflex arcs (venoarterial) may be stimu- 
lated to provoke constriction, or spasm, of large areas of the smaller pulmonary 
vasculature. ' At present, there is insufficient evidence to warrant firm con- 
clusions, although most workers believe that neurogenic reflexes play little, if 
any, role in massive embolism. 

2. Liberation of Humoral Substances——Recently, there has been increasing 
evidence that the circulatory and respiratory consequences of pulmonary em- 
bolism are dependent, at least in part, upon the release of compounds into the 
blood that have direct effects upon these cardiopulmonary structures.‘® These 
compounds may be liberated by the occluding thrombus or, feasibly, by the 
damaged pulmonary tissue. Of interest in this respect is the demonstration that 
if an aqueous extract of rabbit lung, after embolization, is injected into a second, 
normal animal, signs of pulmonary embolism are produced in the second animal.*? 
A variety of such substances has been suggested and investigated, among which 
are serotonin, histamine, acetylcholine, and the adrenalins. The physiologic 
properties of these substances as they apply to the cardiopulmonary system will 
be considered. 

a. Serotonin (5-hydroxytryptamine): Experimental evidence has suggested 
that serotonin may be an important humoral agent liberated either directly or 

indirectly by an impacted thromboembolus to account for many of the associated 

symptoms.**:#? This compound is present in platelets from which it may be elabo- 
rated by several means: by the clotting of blood,‘7°° by certain drugs, such as 
reserpine,®! from certain body tissues® and stress reactions.?”? Indeed, the sub- 
stance has been found in brain tissue, liver, kidney and the gastrointestinal 
mucosa.** The presence of the material in the lung is also probable.* 

Serotonin is the most potent of the known pulmonary vasoconstrictor agents 
when it is introduced intravenously.*~>7 Furthermore, it has been clearly demon- 
strated that pulmonary hypertension resulting from the injection of this sub- 
stance is not primarily dependent upon increased pulmonary blood flow or trans- 

pulmonary (airway) pressure, but upon direct constriction of the arteriolar 
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system.*:57.58 [t is currently believed that the compound stimulates the smooth 
muscle of the arterioles directly,®® although neuroreflexogenic effects cannot be 
completely excluded.®* In man and experimental animals (dogs and cats), single 
intravenous injections of serotonin provoke transient elevation of pulmonary 
arterial pressure.’ With constant infusion in dogs, serotonin results in per- 
sistent and severe pulmonary hypertension as long as the infusion is continued; 
thereafter, the pressure rapidly falls again to normal levels.*® An interesting 
effect of this material is the induction of diminished peripheral arterial oxygen 
saturation.®’*? It has been suggested that the drug may so restrict the available 
vascular bed of the lungs as to interfere with aeration of the blood. Moreover, 
severe bronchoconstriction may be additive to this effect. Because pulmonary 
venous oxygen desaturation invokes pulmonary arteriolar constriction,**-*° 
this mechanism was suggested as its mode of action. However, Rudolph*®® found 
the same degree of serotonin-induced vasospasm when the arterial oxygen satu- 
ration was maintained by artificial respiration with 100 per cent oxygen. Evi- 
dently, these mechanisms are not the pathways through which serotonin acts. 

A rather different explanation for the pulmonary hypertension induced by 
serotonin was offered by Knisely.*' He noted that this agent produced a fine 
white precipitate, which appeared transiently in the smaller pulmonary arterial 
segments, and which disappeared soon after lodgment. The precipitate may 
represent minute emboli. This interesting possibility requires further investi- 
gation. The almost consistent elevation of cardiac output accompanying pulmo- 
nary hypertension from serotonin® would be difficult to explain if minute em- 
bolization were a major factor in this case. In fact, the evidence suggests that 
serotonin directly stimulates the heart, thereby increasing output and inducing 
tachycardia, and it may even provoke small areas of myocardial necrosis. The 
latter effects are blocked by chlorpromazine or reserpine. 

The effects of serotonin on the peripheral vascular system are variable. 
Either vasoconstriction or relaxation ‘may result after the administration of the 
substance. Actually, the effects are so unpredictable in terms of vascular re- 
sponse that Page® considered them as “‘amphijbaric.’’ Systemic hypotension is 
- the most frequent reaction. Since histamine also provokes systemic hypotension, 
and because histamine may likewise derive from blood clots and platelets, the 
suggestion has found favor that the systemic hypotensive reactions following 
serotonin involve the elaboration of histamine.®.** At present, this issue is cloudy, 
because it is known that serotonin will provoke histamine release. Histamine 
liberators will, in turn, induce serotonin liberation from body tissues.*’ A dif- 
ferent possibility exists in that peripheral hypotension is produced by neurogenic 
reflexes arising in the lung.** Another pertinent physiologic property of serotonin 
is its propensity to induce hyperpnea, often preceded by a brief period of apnea. 
These ventilatory effects are regarded as secondary to the vascular reactions.*? 
In addition, bronchoconstriction may be incited by the compound, although it 
is not so pronounced as that following the administration of acetylcholine or 
histamine.®.56 (See Fig. 3.) 

It is of more than casual interest that the vascular responses, and attendant 
symptomatology, provoked: by serotonin are quite comparable to the symptoms 
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resulting from pulmonary vascular obstruction. Pulmonary arterial constriction, 
systemic hypotension, tachycardia, and tachypnea produced by 5-hydroxy- 
tryptamine and that resulting from pulmonary embolism may be more than 
indifferently related. 

The vascular effects of serotonin may be blocked in part by previous heparini- 
zation (prevention of platelet rupture** or by direct neutralization of the sub- 
stance**). The antihistaminic drug, promethazine (Phenergan),® lysergic acid 
diethylamide (LSD),® and serotonin analogues (BAS)*®* may also antagonize 
various serotonin effects. On the other hand, serotonin is not affected by anti- 
cholinergic drugs, nor by adrenergic blockade.® It is also interesting that normal 
lung tissue contains generous stores of monamine oxidases, the enzymes that 
convert the potent 5-hydroxytryptamine into the comparatively inert 5-hydrox- 
yindoleacetic acid.”°:7! In fact, extracts of lung tissue are capable of destroying 
serotonin with surprising rapidity.” In contrast, amine oxidase inhibitors, such 
as iproniazid, possibly potentiate the physiologic properties of serotonin by 
blocking enzymic inactivation.”° 

b. Histamine: There has been some intimation that histamine, also released 
from blood platelets, may account for some of the pulmonary vascular reactions 
of embolism. However, histamine does not provoke pulmonary hypertension 
when introduced into the lung arteries, but acts primarily to induce constriction 
of the veins,5*:7.74 eventuating in an increase of pulmonary blood volume. Kuida 
and associates® postulated that histamine accounts for the pulmonary veno- 
constriction from bacterial endotoxin leading to congestion and edema of the 
tissue. On the basis of present evidence, it appears that histamine is not the 
provocateur of pulmonary hypertension from embolization, although it may 
enhance the peripheral vascular collapse that complicates it (vide supra). 

c. Acetylcholine: That acetylcholine may have a definitive part in the physi- 
ologic events of pulmonary embolism is suggested by the vagal-like Bezold- 
Jarisch effect so common in the experimental animal and man assailed by this 
vascular accident. Evidence suggests that acetylcholine, like histamine, con- 
stricts the pulmonary veins, thereby aiding in the formation of pulmonary ede- 
ma.”*:76 Indeed, in experimental animals with starch and clot embolization, 
Singer’® and Jaques’* have found elevated pulmonary venous pressure, suggesting 
active pulmonary venous constriction. It is also possible that acetylcholine may 
dilate the constricted pulmonary arteries,”’ although this reaction may be over- 
shadowed by accompanying adrenergic stimulation or by serotonin effects. 

3. Hypoxia.—The occurrence of hypoxia in the wake of pulmonary emboli- 
zation is well known.®*® The fact that the hypoxia induced from vascular ob- 
struction of the lungs does not respond to hyperventilation, but may be abolished 
by the administration of oxygen, suggests a temporarily diminished diffusion 
capacity of the lungs.*® It has been amply affirmed that hypoxia invokes pulmo- 
nary arterial constriction,**-*° and, indeed, the condition may play such a role 
here. DeTakats* administered 100 per cent oxygen to animals subjected to lung 
embolism. He found it necessary to increase the extent of embolism to produce 
death when hypoxia was thus relieved. 
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4. Influence of Epinephrine and Norepinephrine——There is strong sug- 
gestive evidence that sympathomimetic agents will produce (probably mild) 
constriction of the pulmonary arterioles. These results imply that epinephrine 
and norepinephrine may have important regulatory function in both the pulmo- 
nary and systemic circulations. Whereas norepinephrine appears to have domi- 
nant constrictor action on the lung arterioles,“’ both norepinephrine and epi- 
nephrine seem to constrict large pulmonary arteries and veins.**:73.8.88 Recause 
of their weakly constrictive properties with reference to the pulmonary vessels,*® 
these agents are probably of lesser significance in inciting the circulatory re- 
sponses of lung embolism. 
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Fig. 3.—Diagrammatic sketch of the pulmonary vasculature and the sites of action of serotonin, 
histamine, and acetylcholine. Areas of vascular constriction are shown by opposing arrows. Embolism 
of numerous vessels may divert blood through patent channels under increased pressure, thereby 
forcing alveolar transudation. In addition, constriction of the venules by humoral substances may also 
lead to capillary engorgement and alveolar edema. Extreme turbulence of blood proximal to embolic 
impaction, with diversion of flow streams and humoral substances (HS) to other pulmonary arteries, 
is shown. By the latter means dissemination of particles from a friable embolus may occur. 


Occlusion of Medium-Sized Pulmonary Arteries.—As in the case of massive 
embolization of the lungs, embolic particles that obstruct secondary and tertiary 
branches of the vascular tree, if sufficiently numerous, will produce critical me- 
chanical pulmonary arterial occlusion resulting in acute pulmonary hyperten- 
sion, right ventricular dilatation,:and peripheral circulatory collapse.*®!® The 
question whether embolism in this instance is attended by reflexogenic pulmonary 
arterial constriction as the basis for the hypertension in the lung circuit has en- 
gaged the attention of many workers. Jaques’* and Harrison™ interpreted the 
elevation of arterial tension from lung embolism with small clots as the result 
of reflex vasoconstriction. In contrast; other workers, employing small foreign- 

body (nonthrombotic) emboli, found only the effects expected from mechanical 
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blockage of the lung vessels. Mann® used paraffin emboli and observed rises in 
pressure that appeared clearly obstructive. Steinberg,** using lead-shot emboli, 
noted that 79 per cent of the vascular bed of the lungs had to be occluded before 
significant changes in pulmonary pressure occurred. As an additional example, 
Hara and Smith!’ observed that medium-sized emboli, in themselves, were 
innocuous in terms of producing reflex vascular responses. Furthermore, they 
were unable to incite reflex circulatory effects even by severe meclianical stimu- 
lation of the medium-sized or smaller arteries by means of an intraluminal rake. 
At this time, the balance of evidence favors the view that nonthrombotic emboli 
of larger than miliary size do not provoke reflexogenic responses in themselves; 
however, overfreighting of the lung circulation with these particles will lead to 
a disastrous blockade of pulmonary blood flow, with all of the consequences of 
abrupt circulatory obstruction. (See Fig. 4.) 

‘The effects of emboli of particulate size may differ from those of emboli of 
medium size in the matter of eliciting ‘‘reflexes.’’ It should be stated here that 
it appears quite possible for medium-sized thrombotic emboli to lodge in a lobar 
artery, and thereafter, because of the turbulence of the blood, to break into 
fragments at their proximal extremities and thus embolize other lobar branches. 
This mechanism may be the basis for miliary poreey embolism in some 
cases. 
Miliary Pulmonary Embolism and Its Significance—The available evidence 
indicates that it is possible that microembolization of the lungs may result in 
sudden death of the human organism. However, this evidence is not complete. 
In the frequently quoted paper of Owen and co-workers,** concerning the clinical 
effects of small pulmonary emboli, only two of the twelve autopsied patients did 
not have accompanying larger emboli. The discovery of multiple, minute pulmo- 
nary emboli at autopsy does not necessarily indicate that they were the primary 
cause of death. Indeed, if O’Neal and Thomas*’:*’ are correct in their concepts 
of the origin of primary pulmonary hypertension from multiple lung emboli, 
‘the embolization may not even produce symptoms until a major portion of the 
lung vasculature is obstructed. 

Nevertheless, because of the possible clinical importance of ditions em- 
bolism the condition has received extensive study in the experimental animal. 
Small quantities of particulate material, when injected intravenously in animals, 
provoke acute pulmonary hypertension, respiratory distress, right heart strain, 
shock, and death. This train of events, indeed, resembles the succession of signs 
of fatal acute embolism.in man. It is true that with unusual exceptions, only 
blood clots act as embolic particles in man. However, in experimental animals 
the phenomena of pulmonary embolism have been studied usually with finely 
divided foreign material, including barium-sulfate suspensions, Lycopodium 
spores, pumice, starch, glass beads and seeds, and plastic microspheres. In a 
certain sense these “‘emboli’’ have been preferred because they can be readily 
identified after impaction in the pulmonary arteries. Furthermore, miliary blood 
clots are difficult to prepare and to locate postmortem, so that they have not . 
been used often in experimental studies. Interest and controversy have centered 
about the mechanism of pulmonary hypertension from particulate embolism of 
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the lungs, and the problem has not been solved. Numerous investigators*®:8?:9?.10 
have interpreted this reaction as the result of widespread dissemination of the 
particles producing multiple points of obstruction throughout the vascular tree, 
thereby accounting for the reaction as being due to mechanical obstruction of the 
circulation. Conversely, other studies!**°:*!:°7 have been interpreted to indicate 
that miliary embolization invokes reflex constriction of the arterioles of the pulmo- 
nary vasculature, producing critical circulatory impedance in that manner. 
Certain aspects of these experimental interpretations are of interest. 


R L R . 


Thrombotic Mediumesized Mechanical stim- Occlusion of 
embolus & thrombotic ulation of interior artery by balloon 
tissue ischemia embolus of arteries 


Fig. 4.—Sketches to illustrate the impaction of thrombotic emboli in the pulmonary arterial system, 
and experimental maneuvers used in an attempt to reproduce the physiologic effects of lung embolism. 
Thrombotic emboli in clinical instances may be attended by severe pulmonary hypertension and acute 
cor pulmonale; precipitate shock and death may occur. On the other hand, the introduction of a balloon 
catheter into the pulmonary arteries of an experimental animal does not materially disturb the pul- 
monary or systemic circulation when occlusion of a main vessel or lobar arteries is produced. It is also 
notable that mechanical stimulation of the lung arterial vasculature does not provoke significant vascular 
responses (see Reference 100). 


If, indeed, the inciting mechanism or ‘‘trigger”’ for a generalized reflex pulmo- 
nary arterial constriction from particulate vascular occlusion lies in the stimu- 
lation of vessels of a critical size, it has been reasoned that proved localization 
of the embolic substance to one area (or lobe) of the lung would constitute ade- 
quate experimental evidence for a reflex mechanism. However, one of the difficult 
aspects of these studies has been the failure to confine miliary emboli to a re- 
stricted vascular area of the lung. Knisely,*® Smith and co-workers," and Weidner 
and Light*® have repeatedly observed widespread scattering of embolic particles 
throughout the pulmonary vascular tree when these were introduced into the 
pulmonary arteries. Smith and his associates" injected suspensions of barium 
sulfate into selected lobar arteries (through catheters) at various rates of in- 
jection. They found that the impaction of embolic material in the vessels pro- 
duced the violent reaction of pulmonary hypertension, shock, and death. Exami- 
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nation of these lungs microscopically always revealed a depot of barium. distal 
to the catheter tip, but evidence of barium transport to the other lobar arteries 
and their branches was difficult to find. However, when these lungs were subjected 
to ashing and gravimetric analysis for barium crystals in the individual lobes, 
the analyses invariably indicated that dissemination of the material had occurred 
in all of the lung lobes. These experiments indicated, first, that even careful 
microscopic examination was inadequate to evaluate the possibility of embolic 
scatter outside of the lobe containing the catheter; and second, in the course of 
embolization with fine material, tumultuous eddying and swirling of the pulmo- 
nary stream proximal to the occluded vessel must necessarily account for dis- 
semination of the matter. In addition, it is also clear that the interpretation of 
any experiments involving miliary embolism of the lungs should take into con- 
sideration the probability of general and random disposition of the material 
even though microscopic examination of the tissue may seem to assure locali- 
zation of the injected mass. (See Figs. 5 and 6, and Table I.) 


TABLE I. PosTULATED MECHANISMS OF PULMONARY HYPERTENSION AND VASCULAR OCCLUSION 
OF THE LUNGS PRODUCED BY EMBOLI OF VARYING SIZE AND TYPE 


EMBOLIC NONTHROMBOTIC EMBOLI 
SIZE THROMBOTIC EMBOLI (EXPERIMENTAL) 


Mechanical obstruction Mechanical obstruction 


Large 
Humoral substances 


Mechanical obstruction Mechanical obstruction 


Humoral substances 


Medium 


Mechanical obstruction Mechanical obstruction 
Humoral substances (?) Neurogenic reflex 
(?) Neurogenic reflex 


Minute 


Evidence favoring mechanical blockade of the pulmonary circulation as 
the cause of the reaction set off by microemboli comes from several sources. 
When vessels are observed by direct light microscopy in the “‘living’’ animal, 
there is distinct lack of visible contraction of the vasculature following the im- 
paction of fine particles.*® It is also known that there is a lack of sustained rise 
in pulmonary arterial pressure with repeated small injections of particulate 
matter until sufficient quantities have been introduced so that all collateral 
vessels may have opened and become distended to accommodate the diverted 
blood flow from the occluded vessels. Thereafter, a steplike rise in pulmonary 
arterial tension occurs with successive increases of injected foreign material.*° 
The studies of Moore* appear to be pertinent. It has been recognized that the 
previous administration of ganglionic blocking agents would modify the severe 
reaction following microembolization in the experimental animal, and it has been 
assumed by some workers that the resulting amelioration of the response is in- 
dicative of the basic reflex nature of the phenomenon.*” Moore has presented 
evidence in agreement with Steinberg and Tamari’s theory®® suggesting that 
the modification of the reaction results from the relaxation of arterioles by the 
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ganglionic blocking drug before injection, thereby allowing the emboli to pass 
through the arterioles to the capillaries. At this point the vascular bed is pro- 
portionately larger, the influence of blockade less, and the lethal quantity of 
embolus must be increased (four- or fivefold) before critical mechanical obstruc- 
tion of the total lung circulation is accomplished. 

Singer and associates” have presented evidence that the reaction to micro- 
emboli is not due simply to generalized dissemination of these particles producing 
obstruction of the lung vessels, but that reflexes may be involved in the reaction. 


Single injection of barium 
sulphate 1.0 gm. in saline 
into pulmonary artery - 

of dog 


Gravimetric analyses for barium: 


Right lung: 7.9 mg. Ba/gm. tissue 


Left lung: 5.7 mg. Ba/gm. tissue 


Fig. 5.—Illustration of the introduction and dissemination of particulate material throughout the 
pulmonary arterial system. 


Pulm. hyperten- Balloon deflation. 
2 Arterial occlusion sion; right heart Barium scatter to 
function. No dil- by balloon with failure all lung: arteries & 
atation of chambers sium injection lobes 
distally 


Fig. 6.—Illustration of the dissemination of particulate embolism from a localized site of pulmonary 
arterial injection. 


| 
; 
org 
| 
// 
¢ 
¥; 
| 
¥, 
4 
4 
\ | 3 4 
d 


928 NELSON AND SMITH ds 


They have suggested that the local collection of most of the material in a given 
area is also important. They injected starch granules into the pulmonary artery 
through a catheter in wedge position and noted the occurrence of generalized 
pulmonary edema. Most of the starch remained confined to the given lobe. How- 
ever, when the starch suspension was introduced into the right ventricular cavity, 
pulmonary edema did not occur until 4 to 5 times the previous quantity had 
been introduced. 

It is also probable that the size of the microemboli plays some role in the 
genesis of the reaction, for a significantly more severe response occurs with emboli 
of less than 50-100 » diameter than with larger particles.*°:* Therefore, it appears 
that these ‘‘reflex’’ responses must be generated in vessels of small size, if indeed 
they occur at all. 

Several investigators have attempted to localize microemboli to one lobe 
by injecting the material distal to an occluding balloon or ligature placed around 
a pulmonary artery." The catastrophic events were prevented by this pro- 
cedure, although the distention and trauma to the pulmonary vessels, even 
though slight, could have prevented the reflex effect from occurring. However, 
when the balloon was deflated, pulmonary and systemic reactions typical of 
miliary embolism occurred. In our studies, gravimetric analyses of these (barium 
embolized) lungs indicated that scatter of the barium crystals to all of the lobes 
had taken place.* These results were interpreted as demonstrating that retro- 
grade dissemination of the particles had occurred from the eddying of blood 
when the impacting force of the balloon was removed. In the face of these experi- 
ments it has been difficult to resolve the fundamental physiologic mechanisms. 
Another study has shown that minute particles may adhere to one another in 
the vascular lumen, producing variable-sized and unpredictably larger emboli,*® 
thereby adding another uncertainty to the experimental problem. In fact, al- 
though evidence favoring either the reflexogenic or mechanical obstructive expla- 
nations can be construed from the experimental results, this evidence is not 
convincing nor complete on either side of the coin. 

-From the information at hand, it is clear that the fundamental circulatory 
responses occurring in the wake of miliary embolization of the lungs are presently 
unexplained. Further argument seems futile ‘until more critical data have been 
secured by additional observation, including experiments with miliary throm- 
botic emboli. 


SUMMARY 


A review of the responses of the pulmonary vascular bed to embolization 
has been presented in the light of current concepts of the vascular physiology 
of the lung. The cardiopulmonary effects produced by various-sized emboli 
(massive, medium-sized, and minute) via (1) mechanical obstruction alone, 
(2) the liberation of humoral substances, and (3) neurogenic reflexes are sum- 
marized. We have pointed out that if a substance (e.g., serotonin) is liberated 
by an embolizing thrombus, producir-g the effects of embolism, it would not be 
surprising that nonthrombotic matter (e.g., Lycopodium spores, barium sulfate, 
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rubber catheters, and the like) do not produce bonafide pulmonary vasocon- 
striction in the experimental animal, and that the main effect of these emboli is 
mechanical blockage of lung vessels. The difficulties attending experimental 
study of the effects of miliary embolism are predicated upon the largely in- 
distinguishable manifestations of mechanical obstruction or severe vasocon- 
striction of the lung vasculature resulting from the embolism. 
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Annotations 


Cardiovascular Effects of Serotonin in Man 


Many of the clinical manifestations of malignant carcinoid are cardiovascular (flushing, 
cyanosis, hypertension, and valvular lesions in the heart), and in some of the earliest reports, 
“discolouration of the skin was considered an essential symptom, in many instances enabling 
the diagnosis of carcinoids.’ It is now clear that these effects are brought about by the large 
amounts of serotonin secreted by the tumor. Raised levels of serotonin have been found in the 
serum, and high excretion rates of the breakdown product 5-hydroxyindoleacetic acid have been 
demonstrated in the urine. Furthermore, the infusion of serotonin intravenously produces symp- 
toms mimicking those described by patients suffering from the disease,’ and the color changes in 
the skin have also been demonstrated in normal subjects.‘ 

In normal human subjects the level of serotonin circulating in the blood is low, and more than 
half is contained in the platelets. The earliest observations of the vascular effects in man were on 
the erratic behavior of the blood pressure,* a consequence of serotonin’s effects on cardiac output 
and peripheral resistance. The direct action of serotonin on peripheral blood vessels is a potent 
constriction when it is applied by injection in their close proximity’ or introduced intra-arterially,‘ 
and if it is released from platelets, this action at a site of injury provides the basis for a possible 
hemostatic function. However, while the arterioles of the limb vessels are constricted and the 
distensibility of the veins reduced,® the capillaries are dilated and their permeability increased— 
hence, the cyanotic flush and the edema formation with larger doses.‘ 

The constrictor action is less marked in the limb vessels when serotonin is given by continuous 
intravenous infusion. Although hand vessels are constricted, a dilator action on the forearm vessels 
is found, which is not mediated by the nerves, and which is not wholly accounted for by changes in 
blood pressure. It resembles the dilatation seen during infusions of adrenaline in man and is simi- 
larly accompanied by tachycardia and hyperventilation.’ Although serotonin has been shown to 
stimulate the release of adrenal medullary hormones in the cat,® the possible role of adrenaline in 
the circulatory responses to serotonin in man has yet to be elucidated. Tachyphylaxis to serotonin, 
a phenomenon readily elicited in the isolated smooth muscle preparation, can be demonstrated 
in the case of the respiratory stimulation in man, but neither the direct constrictor effect nor the 
indirect dilator action on limb vessels shows this characteristic. 

The normal function of serotonin has yet to be determined, although its widespread effects 
have suggested, among others, a role in intestinal motility, in kidney function, in mental processes, 
and in nervous transmission. The variety of its actions on different vascular beds in man, and the 
complexity of its effects when introduced into the blood stream call for further investigation before 
a place can be claimed for it in normal cardiovascular physiology. 

R. F. Whelan, M.D., Ph.D. 
Adelaide, Australia 
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Restenosis of the Mitral Valve 


Glover,' in 1955, having reviewed his experience with 600 patients who had had mitral 
valvotomy during a five-year period, stated that restenosis of the mitral valve after a satisfactory 
commissurotomy was very unusual, since he was unable to find a single instance in his patients. 
‘Glover believed that most patients thought to have mitral restenosis were, -in fact, examples of 
inadequate separation of the mitral commissures at the time of the original operation. More re- 
cently, Belcher? reported four instances of true restenosis of the mitral valve from his experience 
and found several other acceptable examples in the literature. For a diagnosis of true restenosis, 
Belcher required that there had been complete separation of at least one of the two mitral com- 
missures at the original operation, with anatomic confirmation of refusion. Patterson and Marshall* 
described seven instances of mitral restenosis following mitral commissurotomy in 400 patients. 
The interval from the first operation to the recurrence of symptoms of fatigue and dyspnea was 
8 to 41 months. Clinical evidence of active rheumatic fever was lacking in 5 patients of this group; 
in addition, in only 1 of 5 patients were Aschoff bodies seen in the biopsy specimen of the left 
auricular appendage taken at the time of the original operation. Bailey‘ found 22 instances of 
mitral restenosis by autopsy or a second operation in 1,000 patients operated upon by his group. 

It would seem that mitral restenosis is a minor but important cause of failure to maintain 
improvement following mitral commissurotomy. Other causes which would have to be considered 
include those of uncorrected or surgically produced mitral incompetence; inadequate original 
commissurotomy; aortic stenosis or incompetence; myocardial damage due to previous or present 


active rheumatic myocarditis; bacterial endocarditis; or the development of atrial fibrillation. , 


The cause of restenosis of the mitral valve is not known. Bailey has suggested three factors 
of importance: (1) active rheumatic fever, (2) inadequate valve mobilization by the surgeon, or 
(3) the existence of a densely fibrotic valve with resultant greater likelihood of contracture and 
refusion. The importance of active rheumatic fever in mitral restenosis is difficult to evaluate. The 
frequency with which Aschoff bodies are demonstrated in the biopsy specimen of the left atrial 
appendage appears to be no greater than in other patients undergoing mitral commissurotomy. 
Clinical evidence of arthritis, actue carditis, incfeased sedimentation rate, chorea, or subcutaneous 
nodules is lacking in most reported instances of mitral restenosis. Thus, one cannot state with 
certainty whether or not the postoperative use of chemoprophylaxis against beta hemolytic 
streptococcal infection would tend to prevent mitral restenosis. The frequency of mitral restenosis 
would appear to be approximately one to two per cent in several large groups of patients who have 
had mitral commissurotomy; however, with longer periods of observation, the incidence may prove 
to be greater. We have recently observed a recurrence of the symptoms due to mitral restenosis 
7\% years after the original operation. Although complete separation of both commissures of the 
restenotic mitral valve may be difficult to achieve with a second operation,’ a considerable de- 
crease in the amount of stenosis present can usually be obtained.?* 

Noble O. Fowler, M.D. 
Cincinnati, Ohio 
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Diffuse Pulmonary Ossification 


Diffuse miliary nodules seen in the chest x-ray suggest many diagnostic possibilities. The 
more significant of these include tuberculosis, histoplasmosis, pneumoconiosis, sarcoid, arteritis, 
carcinoma, and hemosiderosis. Wilson and associates! list twenty-one possible causes. When 
associated with mitral stenosis, such an x-ray is usually interpreted as showing hemosiderosis. 
On occasion, however, postmortem examination of these lungs does not confirm hemosiderosis 
but instead shows a curious entity referred to as diffuse pulmonary ossification. Small white 
discrete bony nodules varying in size from 1 to 8 mm. are scattered profusely throughout both 
lung fields, usually more concentrated in the lower portion of the right lung. Histologically, these 
spicules are located within the alveolus. In contrast to intra-alveolar microlithiasis, these nodules 
are not calcified. To differentiate the condition from hemosiderosis, hemosiderin is either not 
present or present in small amounts within macrophages. Nor do the ossified particles contain 
iron. 

Diffuse pulmonary ossification is almost always associated with rheumatic heart disease 
with severe mitral stenosis. Less than 100 cases have been reported. General opinion relates 
the ossification to longstanding venous congestion, interstitial and intra-alveolar transudation of 
plasma and red cells, and prolonged increase in pulmonary arteriolar resistance.?* This latter 
seems to correlate well with the fact that the nodularity is more profuse in the right lower lung 
field, an area where the pulmonary arteries are more narrowed. 

Prognosis is poor since the process probably represents severe, longstanding valvular disease, 
and is irreversible. The literature to date does not contain the report of a case in which the pul- 
monary ossification was altered subsequent to mitral commissurotomy. 


Elliott J. Howard, M.D. 
Bronx, New York 
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Neurogenic Hypertension 


In contrast to the blood pressure changes correlated with various psychogenic states, the 
hypertensions of demonstrated neurogenic etiology lend themselves rather well to speculative 
correlation with basic science studies in the neurophysiology of blood pressure regulation. 

Bulbar polio victims frequently have transient hypertensive episodes.' This has been at- 
tributed to an increase in excitability of medullary reticulospinal and spinal sympathetic system 
neuroris secondary to hypoventilation and hypoxia,? or to an irritative phenomenon analogous 
to the reported transient increase in deep tendon reflexes in the early phases of spinal motoneuron 
invasion! by the virus. 

Another interesting neurogenic hypertension is the high blood pressure of the Landry-Guillian- 
Barre syndrome. Eleven patients, who were previously normotensive, developed markedly elevated 
blood pressures during the course of their disease.* Diastolic pressures of 180 mm. Hg are reported. 
Most of these patients were being adequately ventilated, and since this disease is for the most part 
one of spinal and cranial radicles and nerves, the explanations offered for the hypertension of 
polio are probably not applicable. These patients’ condition may be analogous to that of the 
experimental animals made hypertensive by cutting their aortic and carotid sinus nerves.‘ The 
loss of inhibitory feed-back information from the periphery into the vascular control centers of the 
brain stem via afferent nerves may be responsible for this unusual hyperreactivity. No postmortem 
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examinations of the innervation of the aortic and carotid bodies have been reported in these 
patients, but it would seem that such studies should be done. 

There have been many observations that hypertension of a rather marked degree occurs in 
electroconvulsive shock therapy with muscular contraction factors eliminated with curariform 
drugs.® Recent observations in animals* have shown that the frontohypothalamic connections are 
necessary for the production of this response. Thorazine has been shown to eliminate this high 
blood pressure without altering the electrical evidence of the generalized seizure in curarized 
animals. It has long been known that frontal lobotomy, in which frontothalamic connections 
are severed, often results in long-standing hypotension and decreased vascular reactivity to pain.’ 
It is tempting to make an analogy between the hypertension of electroshock therapy and that 
of the “psychogenic” variety. 

Familial dysautonomia (the Riley-Day syndrome) includes a number of autonomic nervous 
system abnormalities, among which are a marked orthostatic hypotension and large increases 
in blood pressure associated with emotional stimuli.’ Children of 2 or 3 years, with base-line blood 
pressures of 90/50 mm. Hg, under the threat of venipuncture have been reported to elevate 
this to 170/140 mm. Hg or higher. The pathology of this disease is not yet established, although 
one postmortem study® revealed degeneration in the reticular formation of the pons and medulla. 
This would predictably result in serious alterations of the same kind of homeostatic reflexes lost in 
the Landry-Guillian-Barre syndrome. A similar combination of orthostatic hypotension and 
unusually high and prolonged blood pressure responses to stimuli is reported in the diffuse de- 
generation of the brain known as Jacob-Creutzfeldt disease.'” 

The diffuse motor reflex responses to slight stimuli in spinal man have been well documented, 
as have the generalized, poorly modulated responses of the autonomic nervous system." Pro- 
longed blood pressure elevations produced by distention of the urinary bladder have been reported 
in patients with complete cervical cord sections. Apparently, inhibitory influences are lost to the 
autonomic nervous system as well as to the somatic motor system with separation of supraspinal 
structures from the cord. 

Other alterations of the central nervous system producing hypertensive states include strong 
aroma," anoxia,' gall bladder distention," concussion," encephalitis lethargica,'® multiple sclerosis," 
lead poisoning,” acrodynia,” increases in intracranial pressure, rhinencephalic and temporal 
lobe epilepsy and postictal states,'* hypothalamic tumors, and many central-acting toxins. 

Recent advances in neurochemical and neuropharmacologic research have led to the begin- 
ning of the chemical characterization of various areas in the brain. The distribution in the central 
nervous system of serotonin and tmonoamine-oxidase and the vascular effects of their inhibitors 
have been well worked out.'* The advent of these drugs document the beginning of an era in which 
doctors can differentially affect known areas of-the brain with pharmacologic agents. Perhaps 
through the careful study of the relatively rare but more clearly defined neurologic etiologies of 
increased systemic blood pressure, we will better be able to understand the precise contribution of 
the central nervous system to the common and nebulous entities of essential and psychogenic 
hypertension. The discovery and choice of antihypertensive drugs affecting the brain will then 
be more rational activities. 

Arnold J. Mandell, M.D. 
Los Angeles, Calif. 
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Letter to the Editor 


ALLEGHENY GENERAL HOSPITAL 
PITTSBURGH, Pa. 
SEPTEMBER 15, 1959 


To the Editor: 


With regard to the article by Michael E. Korns, ‘Bedside Diagnosis of Pericardial Effusion,”’ 
American Heart Journal 57:479, April, 1959, it appears that the article will receive an uncritical 
propagation by means of abstracts which it does not merit. (The Heart Bulletin 8:4:76, July- 
August, 1959.) 

There are several valid objections to the article. It proposes that an old and forgotten sign 
of pericardial effusion be resurrected, namely, a forward rotation of the liver so as to become pal- 
pable; but no convincing clinical evidence is cited as the original basis for conception of the sign, 
nor for its specificity. The bulk of the article is concerned with an obscure theoretical exploration 
of the possible pathologic mechanism of the sign. The author contributes no evidence of his own. 
He gives report of only a single patient having 150 c.c. of pericardial fluid, and fails to note any 
effect of withdrawal of the fluid. 

The article states that physical signs in general are too often neglected in favor of laboratory 
tests. That statement is an inappropriate cliche. In fact, physical signs for the detection of peri- 
cardial effusion lack specificity and sensitivity; and there is great need for reliable confirmatory labo- 
ratory tests. If Mr. Korns wished to prove otherwise, he should have examined a series of patients 
and control subjects, with the best possible objective analysis of the quantitative results, in com- 
parison with operative and autopsy findings. Such.evidence should be furnished by the proponent of 
either physical signs or laboratory tests. The mere quotation of an ancient opinion is inadequate. 

Don L. FisHer, M.D. 


Director, 
Cardio-Pulmonary Laboratory 


Book Reviews 


INTRAVASCULAR CATHETERIZATION. By Henry A. Zimmerman, M.D..,. Springfield, Ill., 1959, 
Charles C Thomas, Publisher, 782 pages, 394 illustrations. Price $16.95. 


New assistants, fresh from their training in clinical medicine, upon entering a catheterization 
laboratory, have frequently asked, ‘‘Where can I read about all of this?’’ This book admirably 
fulfills that need. The editor and his contributors have assiduously recorded their experiences, often 
painstakingly obtained, in cardiac catheterization. The techniques, the dangers, the finer modifica- 
tions, such as dye curves, selective angiocardiography, the unanswered questions, ‘‘all the tricks 
of the trade”’ are included. The authors, in general, are men who have conspicuously contributed 
to their own facet of cardiac catheterization. 

The book is composed of some 27 sections, each written by a separate contributor. The sections 
range from a rather lengthy one on technique, to left or right heart catheterization in cyanotic, 
acyanotic, and acquired heart disease. There are discussions of the basic concepts of hepatic, 
renal, and cerebral physiologic studies. 

The best chapters are those on left heart catheterization, acyanotic and cyanotic heart disease, 
myocardial metabolism as measured by coronary sinus catheterization, electrocardiographic 
studies employing intracavity electrodes, and the section on dye curves. Each of the contributions 
is a summarization of personal experience in the area, with a somewhat brief discussion of pertinent 
literature. This technique of presentation has produced much overlapping of material, fortuitously 
good in the sense of obtaining more than a few points of view about each problem, but at times 
unnecessarily overlapping. This is especially noteworthy in the duplication of discussion of pressure 
curves and their analysis. An entire section is devoted to this general consideration, followed by a 
repetition by each succeeding contributor as it applies to his particular topic. Additional 
overlapping is found in the discussions of acyanotic and cyanotic heart disease, “overriding” 
of the aorta, total anomalous venous return, and formulae for resistances and shunts. 
Although functional pulmonary stenosis is discussed by several authors, who present different 
pressure ranges, little mention is made of the role of hypertrophy of the crista supraventricularis. 

Particular comment should be made concerning the lack of use of the 100 per cent oxygen 
method for the detection of right-to-left shunts. Saturations have been seen well below 91 per cent 
(Roughton-Scholander method), due to respiratory depression by preoperative sedation, in which 
dye dilution curves and the 100 per cent oxygen method established the absence of right-to-left 
shunt. Proper quantitation of bidirectional shunts is adequately emphasized from the surgical 
point of view. The “‘allegations’’ method of calculating these flows seems inferior to the method 
described by Ordway employing the 100 per cent oxygen method. 

It is unfortunate that the sections on cyanotic and acyanotic heart disease could not have 
been combined in some manner with those on dye dilution curves and, perhaps, angiocardiography. 
It would then have been possible to avoid such statements as, ‘The value of cardiac catheteriza- 
tion in the diagnosis of Tetralogy of Fallot is dependent upon passage of the catheter into both 
great vessels.”’ The sections on dye dilvtion curves and cineangiography indicate how tetralogy 
of Fallot can be distinguished even though neither great vessel is entered. The problems in left-to- 
right shunts with valvular regurgitation leading to errors in interpretation of data from the oxygen 
step-up method can be sufficiently overcome by the double-catheter dye technique. The latter ad- 
vance in methodology is briefly alluded to in the section on cardio-green dye. The section on left heart 
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catheterization summarizes well the experience of that investigator employing the right para- 
vertebral approach. While only three deaths related to that approach had been reported at the 
time of writing, certainly more have been recorded by now. The transbronchial approach, which 
is equally widely employed in this country and abroad, is only briefly mentioned. Although the 
latter technique has the disadvantage of not permitting proper sampling for dye dilution curves 
in mitral regurgitation, it has a considerable margin of safety, in respect both to morbidity and to 
mortality. Adequate quasibasal studies can be obtained after removal of the bronchoscope, with 
catheters left in situ. The section on dye curves serves especially well as an introduction to the 
ramifications of this procedure, with adequate representation of the appropriate literature. The im- 
portant papers of Dow and of Hetzel, Swan and Wood are discussed briefly. The method of calcula- 
tion is succinctly presented, with reference to appropriate literature for more detailed discussion. 

This book serves a definite need. It renders for the first time under one cover much of the 
data dispersed through many medical journals, and furnishes a ready reference for those interested 
in learning the techniques, diagnostic possibilities, and limitations of the method. 


PuLMONARY CiRcULATION. An International Symposium, 1958, Sponsored by the Chicago Heart 
Association. Edited by Wright R. Adams, M.D., and Ilza Veith, Ph.D., New York, 1959, 


Grune & Stratton, Inc., 316 pages. Price $4.50. 


This volume summarizes an international symposium dealing with the pulmonary circulation 
held in March, 1958, under the auspices of the Chicago Heart Association. It contains 30 brief 
presentations by distinguished workers from Canada, England, Sweden, and the United States, 
which deal with specific aspects of the pulmonary circulation in normal persons, as well as in 
subjects with primary lung disease or heart disease, both congenital and acquired. The bulk 
of the contributions concern the relationship of blood pressure to flow in the pulmonary circuit, 
the effect of various abnormal states upon this relationship, and the mechanisms responsible for 
increases in pulmonary vascular resistance. Other topics include the historical development of 
the concepts of pulmonary circulation, the measurement of instantaneous pulmonary capillary 
blood flow, and the characteristics of the pulmonary capillary bed, as well as a consideration of 
reflexes originating in the pulmonary circulation. The individual topics are treated with emphasis 
on concepts and principal findings. Experimental details and complete accounts of results are 
not given, but relevant references to the literature are usually included. 

Repetition and uneven quality of the presentations is inevitable. Although the formal discus- 
sion included is valuable, it is all too brief. Editing is excellent. The modest price of the book does 
not reflect its ample format, publication costs having been partially assumed by the National 
Heart Institute, United States Public Health Service. This is a valuable record of a timely sym- 
posium. It deals with topics of unusual clinical interest, and offers an opportunity to learn the 
current status of research and expert thinking on the pulmonary circulation. 


DER ARBEITS-UND TRAININGSEINFLUSS AUF KREISLAUF UND ATMUNG. EINE KLINISCHE UND PHYSIOL- 
OGISCHE BETRACHTUNG. By W. Hollmann, Darmstadt, 1959, Dr. Dietrich Steinkopff Verlag, 


202 pages, 95 illustrations. 


As suggested in the subtitle, emphasis is placed on interpretations of fundamental processes 
involved and considerations of clinical application of exercise, but the book also contains much 
factual and experimental information. A large part of this information is data accumulated by 
Knipping’s group, of which the author is a member. (H. W. Knipping and C. Diem wrote the 
forewords to the monograph.) The large experience of Knipping’s group in the use of exercise tests 
in cardiac patients is unparalleled, and still not sufficiently known in this country. Therefore, 
the condensed information in Hollmann’s book is important and quite timely in view of the in- 
creasing interest in the application of exercise tolerance tests in respect to metabolic and hemo- 
dynamic changes. The technique, as developed by Knipping, consists in measuring the oxygen 
consumption, respiration, pulse rate, etc., with increasing work load, starting with the breathing of 
room air and then shifting to oxygen. Respiratory and circulatory insufficiency can thus be 
separated. The technique is described and illustrated on pages 30-31 and 104-108. One of the most 
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valuable clinical applications is the control of cardiac reserve, determined as capacity for aerobic 
work in patients with valvular heart disease. This is one of the more sensitive methods, if not the 
most sensitive method, for the timing of surgery. One such application is illustrated in Figure 
87, on page 153. 

In regard to the interaction of training and aging on cardiovascular functions, much infor- 
mation from various sources is given. Since physical training may delay the decline of cardiovas- 
cular capacity with aging, it is implied that training will counteract aging, even at advanced age, 
but the actual data refer to maintenance of physical training rather than to the starting of training 
in older people. 

As may be expected, the author is an ardent proponent of the therapeutic use of exercise 
in almost any type of cardiac disease, with the exception of postinfectious myocarditis. While 
the author makes reservations, the emphasis is clearly on the positive effects. 

On pages 152 and 154 it is stated that exercise therapy is particularly successful in congenital 
heart disease and in mitral or aortic insufficiency. However, it should be considered that few of 
the cardiologists or practitioners using exercise therapy will have the author’s experimental facili- 
ties for checking the cardiac reserve, which is a necessary precaution. This does not invalidate 
the suggestions, but imposes practical limitations. Actually, the use of exercise therapy in cardiac 
patients is an old therapeutic procedure, which was practiced quite widely in Europe half a century 
ago. It probably would not have to be recommended again if there were not some untoward, 
perhaps unpublicized experiences. As an example, exercise therapy is also recommended in cases of 
coronary insufficiency, except in patients with severe effort angina or permanent arrhythmia. 
This reviewer is extremely careful even in the use of diagnostic electrocardiographic exercise 
tolerance tests in cases of suspected coronary artery disease. More detailed information about 
precautions and negative experiences would have been desirable. 

It seems that the argument for prophylaxis of heart disease through exercise is somewhat 
overstated. The author refers, as principal evidence, to Morris’ publications, but the compared 
levels of physical activity in Morris’ material (bus conductors and drivers) were only moderate, 
the total physical activity of both groups was not controlled, and other factors may have been 
involved. 

The author quotes the difference in incidence of coronary sclerosis in the Korean and American 
populations as evidence for relationship between coronary disease and “civilization.” This is a 
superificial and misleading conclusion. Low incidence of coronary sclerosis is found among some 
“civilized” populations, and is more strongly related to the fat content of the diet than to “‘civil- 
ization” or exercise. 

The competence and experience of the author is obviously in the field of cardiovascular 
and pulmonary functions. The brief discussion of the role of the central nervous system in fatigue 
is somewhat disappointing. It is surprising that the author supports the old hypothesis that fatigue 
acts as a protection against serious damage. That this hypothesis is not tenable has been shown 
long ago, but obviously comes up ever so often because of its deceptive simplicity. 

The book is fluently written, and the material is well presented and well illustrated. The book 
can be-recommended with only a few reservations. Its merits far outweigh its shortcomings. 


Erratum 


The present address of Dr. Mark M. Singer, whose article entitled ‘Acute Idiopathic Peri- 
carditis” appeared in the October, 1959, issue of American Heart Journal, page 568, is: Fourth 
Medical Division, Bellevue Hospital, 28th Street and First Avenue, New York, 16, N.Y. 


= 
» 
| 
{ = 


Announcements 


THE WESTERN SOCIETY FOR CLINICAL RESEARCH will hold its THIRTEENTH ANNUAL MEETING 
in Carmel-by-the-Sea, California, on Thursday afternoon, Friday morning, and Saturday morning, 
Jan. 28, 29, and 30, 1960. 

Address correspondence to William N. Valentine, M.D., Secretary-Treasurer, Department of 
Medicine, University of California Medical Center, Los Angeles 24, Calif. 


Tue INSTITUTE FOR ADVANCEMENT OF MEDICAL COMMUNICATION, New York, N. Y., has been 
awarded a grant by the National Science Foundation for a study of ‘The Metabolism of New 
Scientific Information.” The chief aim of this project is to investigate the processes by which new 
information resulting from cardiovascular and endocrine research becomes generally available 
to the scientific community. Richard H. Orr, M.D., Executive Director of the Institute, will 


serve as principal investigator. 


The CouNcIL OF THE INTERNATIONAL SOCIETY OF CARDIOLOGY for the term 1958-1962, was 
elected during the Third World Congress of Cardiology, Brussels, Sept. 14-21, 1958. The new Council 
is composed as follows: 

Honorary Presidents: Dr. Ch. Laubry (France); Dr. P. D. White (U.S.A.). 

Executive Committee: President, Dr. I. Chavez (Instituto Nacionel de Cardiologia, Av. 
Cuauhtemoc 300, Mexico, D. F.); 1st Vice-President, Dr. D. E. Bedford (33, Devonshire Place, 
London W. I., Great Britain); 2nd Vice-President, Dr. P. W. Duchosal (24, Boulevard des Philo- 
sophes, Geneva, Switzerland); Secretary General, Dr. V. Puddu (Via Savoia 86, Rome, Italy); 
Treasurer, Dr. L. N. Katz (Michael Reese Hospital, Chicago 16, Ill., U.S.A.). 

Members: Dr. A. R. Aixala (Cuba); Dr. E. C. Andrus (U.S.A.); Dr. F. Batlle (Argentina); 
Dr. G. Biérck (Sweden); Dr. A. Cordeiro (Portugal); Dr. L. V. Décourt (Brazil); Dr. R. Froment 
(France); Dr. E. T. Gatchalian (Philippines); Dr. F. Herles (Czechoslovakia); Dr. M. Ibrahim 
(Egypt); Dr. J. D. Keith (Canada); Dr. J. Lequime (Belgium); Dr. J. K. Maddox (Australia); 
Dr. M. Maekawa (Japan); Dr. K. Matthes (Germany); Dr. M. Nellen (Union of South Africa); 
Dr. S. Padmavati (India); Dr. F. Rojas V. (Chile); Dr. A. Rotta (Peru); Dr. G. R. Sheikh (Iran). 

Committees: The work of the Society is carried out through the activity of the following 
special committees: Research Committee: chairman, Dr. P. D. White; Social Committee: chairman, 
Dr. G. Biérck; Nomenclature Committee: chairman, Dr. E. C. Kossmann; Editorial Committee: 
chairman, Dr. P. W. Duchosal; Committee on Affiliations: chairman, Dr. H. A. Snellen; Finance 
Committee: chairman, Dr. G. Nylin; Meetinys Committee: chairman, Dr. I. Chavez. 

Affiliated Societies: Continental Societies: Asian-Pacific, European, Inter-American. National 
Societies: Argentina, Australasia (Australia, New Zealand, Tasmania), Belgium, Brazil, Canada, 
Chile, Colombia, Cuba, Czechoslovakia, Denmark, Egypt, Eire, Finland, France, Germany, 
Great Britain, Greece, India, Iran, Israel, Italy, Japan, Mexico, The Netherlands, Pakistan, 
Peru, Philippines, Poland, Portugal, Puerto Rico, Spain, Sweden, Switzerland, Union of South 
Africa, United States of America, Uruguay, Venezuela, Yugoslavia. 

Place of Next Congress: The Fourth Worid Congress of Cardiology will be held in Mexico 
City, in 1962, under the chairmanship of Dr. I. Chavez. 
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teries, experimental evaluation of 
(Botham, et al.), 719 

artery occlusion, experimental, S-T changes 
influenced by varying concentrations 
of oxygen in, in dog (I); studies on 
—— of S-T segment changes (Zao), 


work capacity of left ventricle following 
ligation of (Van Citters), 591 
atherosclerosis, critical study of relationship 
between angina pectoris and (Lenégre 
and Himbert), 539 
blood flow, nitrous-oxide method for deter- 
mining, in man (Rowe), 268 
heart disease, ethnic group differences in, 
in Singapore: analysis of necropsy rec- 
ords (Danaraj, et al.), 516 
long-term prognosis and insurability in 
(Gubner and Ungerleider), 436 


occlusion and myocardial infarction (Snow), 


systemic and, circulatory changes in intact 
dog; hyperthermia (Maxwell, et al.), 
4 


Countries, underdeveloped, cardiac patient iu 
(Padmavati), 418 


Coupling, constant, effect of calcium chloride 
on experimental extrasystoles with 
(Scherf, et al.), 231 


“Crochetage” of QRS of electrocardiogram, 
vectorcardiographic equivalent of, in 
atrial septal defect of ostium se- 
cundum type (Rodriguez-Alvarez, et 
al.), 388 


Curve, dilution, abnormal, analysis of deter- 
minants of; assessment of mitral 
regurgitation by indicator dilution 
(Levinson, et al.), 873 

isometric, of atrium (Frank: translated by 
Chapman and Wasserman), 298 
isotonic, of ventricle (Frank: translated by 
Chapman and Wasserman), 299 
pressure, in ventricle (Frank: translated by 
Chapman and Wasserman), 302 
of atrium (Frank: translated by Chapman 
and Wasserman), 308 


Curves, isometric, of ventricle (Frank: trans- 
lated by Chapman and Wasserman), 
288 


Cyanotic syndrome, new, pulmonary schistoso- 
matic arteriovenous fistulas produc- 
ing, in Manson’s schistosomiasis (de 
Faria, et al.), 556 


D 


Dehydrogenase, serum transaminase and, ac- 
tivities, comparative, in chest pain 
(Rodney and Shapiro), 807 


Deutschen Gesellschaft fiir Kreislaufforschung, 
Verhandlungen der, 159 (B. Rev.) 
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Dextrocardia, on variety of ‘‘corrected” type 
of transposition of great vessels asso- 
ciated with. Study of two cases with 
autopsy report (Espino-Vela, et al.), 
250 


Diagnosis, clinical, physiologic abnormalities 
and (Lange), 798 (Annot.) 

Diagnostic aid, use of vasopressor agent as, in 
auscultation (Crevasse), 821 

Diastolic pressure gradient between left atrium 
and left ventricle in cases of mitral 
stenosis (Bjérk and Malmstrém), 486 

Digitalis (Mendlowitz), 798 (Annot.) 

Digoxin: single versus divided daily mainte- 
nance dosage (Church and Marriott), 
171 

Dilution, indicator, assessment of mitral regur- 
gitation by: analysis of determinants 
of abnormal dilution curve (Levinson, 
et al.), 873 


Disability from heart disease (Padmavati), 421 


Discharge, focal, atrial fibrillation as .self- 
sustaining arrhythmia independent of 
(Moe and Abildskov), 59 


Dog, intact, systemic and coronary circulatory 
changes in; hyperthermia (Maxwell 
et al.), 854 
normal, of (Burch), 805 
Dogs, extent of reversibility of myocardial 
ischemia in (Savranoglu, et al.), 726 
simultaneous estimation of right and left 
ventricular outputs applied to study 
of bronchial circulation of (Cud- 
kowicz, et al.), 732 
Drugs, various, effect of, on spontaneous and 
surgically induced ventricular fibril- 
— in hypothermia (Covino, et al.), 
50 


E 
Editorial, 805 
Electrical alternans with unusual features 
(Schamroth, et al.), 900 
axes, mean manifest, of ventricular activation 
and repolarization processes (AQRS 
and AT) in congenital heart disease: 
frontal and ho. -ontal planes (Ayala 
y de Landero, et al.), 889 
events, effect of infarction on magnitude and 
orientation of, in heart (Jacobson, et 
al.), 863 
Electrocardiogram and ventricular gradient in 
atrial septal defect (Burch and De 
Pasquale), 190 
clinical contribution of (Ziegler), 504 
interpretation of (Ziegler), 512 
proper recording of (Ziegler), 504 
vectorcardiogram and, before and after 
valvulotomy for pulmonic stenosis 
(Kahn, et al.), 327 
vectorcardiographic equivalent of ‘“‘cro- 
chetage”’ of QRS of, in atrial septal 
defect of ostium secundum type 
(Rodriguez-Alvarez, et al.), 388 


SUBJECT INDEX 


Electrocardiograms, interpretation of; studies 
on nature of S-T segment changes 
(Zao), 90 
Electrocardiographic changes following admini- 
stration of hypertonic saline to dogs 
(Eliakim, et al.), 97 
in atrial septal defects: ostium secundum 
defect versus ostium primum (endo- 
cardial cushion) defect (Pryor, et al.), 
689 


clinical and, correlations, semiquantitative 
histopathologic method for study of 
entire heart for (Lev and McMillan), 
140 


observations; method for elective cardiac 
arrest in experimental open-heart 
surgery (Feruglio and Ziliotto), 372 


vectorcardiographic and, diagnoses, compari- 
son of (Mazzoleni, et al.), 660 
Electrocardiography and spatial vectorcardi- 
ography, universal system of electrode 
placement for (Helm), 71 


and vectorcardiography, fundamentals of, 
160 (B. Rev.) 


clinical contribution of, in mechanical mal- 

formations of cardiovascular system 
(Ziegler), 504 

Electrode placement, universal system of, for 
electrocardiography and spatial vec- 
torcardiography (Helm), 71 

Emboli of varying size, physiologic discussion 
of vascular reactions following pul- 
monary arterial obstruction by; path- 
ologic physiology of pulmonary em- 
bolism (Nelson and Smith), 916 

Embolism, pulmonary, pathologic physiology 
of: physiologic discussion of vascular 
reactions following pulmonary arterial 
obstruction by emboli of varying size 
(Nelson and Smith), 916 


Energy release in muscle (Huxley), 779 


‘ Epicardial and thoracic leads, direct: their 


relationship in man (Barbato, et al.), 
238 


Ethylenediamine tetraacetic acid (EDTA), 
salts of, treatment of cardiac ar- 
rhythmias with (Surawicz, et al.), 493 

Exercise and hyperventilation, reflex veno- 


motor alterations during (Merritt and 
Weissler), 382 


Experiments, cancellation, on interpretation of 
(McFee and Parungao), 582 


Extracellular fluid, total body exchangeable 
potassium and sodium and, in chronic 
pulmonary insufficiency (Baum, et 
al.), 53 

Extrasystoles, experimental, with constant 
coupling, effect of calcium chloride on 
(Scherf, et al.), 231 


F 


congestive, angina pectoris 
(Baker), 800 (Annot.) 


Failure, and 
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Familial cardiomegaly in association with 
Wolff - Parkinson - White syndrome 
(Schiebler, et al.), 113 


Fat metabolism disorders, vitamin A tolerance 
test and, in angina pectoris (Beaumont 
and Lenégre), 163 
Fibrillation, atrial, as self-sustaining ¢rrhyth- 
mia independent of focal discharge 
(Moe and Abildskov), 59 
ventricular, role of acute myocardial hypoxia 
and ischemic-nonischemic boundaries 
in (Badeer and Horvath), 706 
spontaneous and surgically induced, effect 
of various drugs on, in hypothermia 
(Covino, et al.), 750 


een: protein composition of (Huxley), 
1 


Fistulas, arteriovenous, pulmonary schistoso- 
matic, producing new cyanotic syn- 
drome in Manson’s schistosomiasis 
(de Faria, et al.), 556 


Fitness, evaluation of, after convalescence 
(Hellerstein), 428 

Fluid, extracellular, total body exchangeable 
potassium and sodium and, in chronic 
pulmonary insufficiency (Baum, et 
al.), 53 

Frontal and horizontal planes; mean manifest 
electrical axes of ventricular activa- 
tion and_ repolarization processes 
(AQRS and AT) in congenital heart 
— (Ayala y de Landero, et ai.), 


G 


Gagging, transient bundle branch block occur- 
ring during slowing of heart beat and 
following (Dressler), 760 

Ganglionic blockade by trimethidinium metho- 
sulphate (Smirk), 701 

Gap, auscultatory, and pulse upstroke, relation 
between (Rodbard and Ciesielksi), 221 

Gastrointestinal hemorrhage, massive, rup- 
tured abdominal aortic aneurysm with 
(Kubota and Moragues), 547 

Glomerular lesions, common (Table I) (Kurtz 
and McManus), 369 

Glomerulus, development of (Kurtz and Mc- 
Manus), 358 

normal adult, structure of (Kurtz and Mc- 
Manus), 360 

pathology of, with special reference to inter- 
luminal cell aggregates (Kurtz and 
McManus), 368 

renal, human, reconsideration of develop- 
ment, structure, and disease of (Kurtz 
and McManus), 357 


Granulomatous myocarditis, isolated (Collyns), 
630 


Great vessels, on variety of “corrected’’ type 
of transposition of, associated with 
dextrocardia. Study of two cases with 
tas report (Espino-Vela, et al.), 


SUBJECT INDEX 


955 


H 


Heart beat, transient bundle branch block occur- 
ring during slowing of, and following 
gagging (Dressler), 760 

block, partial, variations in form of T wave in 
case of (Szilagyi and Solomon), 637 
disease, congenital and acquired, valuable 
diagnostic technique in: intracardiac 
phonocardiography (Feruglio), 827 
mean manifest electrical axes of ven- 
tricular activation and_repolarization 
processes (AQRS and AT) in: frontal 
and horizontal planes (Ayala y de 
Landero, et al.), 889 
coronary, ethnic group differences in, in 
Singapore: analysis of necropsy rec- 
ords (Danaraj, et al.), 516 
long-term prognosis and insurability in 
(Gubner and Ungerleider), 436 
mortality ratios (actual to expected) 
(Table I) (Gubner and Ungerleider), 
444 
disability from (Padmavati), 421 


ischemic, management of angina pectoris 

due to (Chevalier and Simon), 121 

effect of infarction on magnitude and orienta- 
tion of electrical events in (Jacobson, 
et al.), 863 

entire, semiquantitative histopathologic 
method for study of, for clinical and 
electrocardiographic correlations (Lev 
and McMillan), 140 

general or routine techniques for opening and 
study of (Lev and McMillan), 140 


in systemic lupus erythematosus (Shearn), 
2 


Heat production by contracting muscle (Hux- 
ley), 778 

Hemodynamics and phonocardiographic find- 
ings, correlation between; phonocar- 
diography in atrial septal defect 
(Dimond and Benchimol), 343 


Hemorrhage, gastrointestinal, massive, rup- 
tured abdominal aortic aneurysm 
with (Kubota and Moragues), 547 

subarachnoid, spontaneous, simulating acute 

myocardial infarction (Beard, et al.), 
755 

Hernia, hiatus, temporary atrial ischemia in 
case of (Savranoglu and Lemberg), 
912 

Hiatus hernia, temporary atrial ischemia in 
case of (Savranoglu and Lemberg), 
912 

Histopathologic method, semiquantitative, for 
study of entire heart for clinical and 
electrocardiographic correlations (Lev 
and McMillan), 140 

Horizontal planes, frontal and; mean manifest 
electrical axes of ventricular activa- 
tion and _ repolarization processes 
(AQRS and AT) in _ congenital 
heart disease (Ayala y de Landero, et 

al.), 889 
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Hypercholesteremia, comparison of treatment 
of, with nicotinic acid, sitosterol, and 
safflower oil (Berge, et al.), 849 

diet-induced, and lipomatous arterial lesions, 
effects of thiouracil and sitosterol on, 
in rat (Best and Duncan), 214 


Hypertension, neurogenic (Mandell), 935 (An- 
not.) 


perinephritic, functional distention of kidney 
in (Swann, et al.), 608 


portal, paar and management of, 160 

(B. Rev.) 
primary, application of monoamine-oxidase 

inhibitor, 1-phenyl-2-hydrazinopro- 
pane (JB-516), treatment of 
(Gillespie, et al.), 1 

Hyperthermia: systemic and coronary circula- 
tory changes in intact dog (Maxwell, 
et al.), 854 


Hypertonic saline, electrocardiographic changes 
following administration of, to dogs 
(Eliakim, et al.), 97 


Hypertrophy, ventricular, left, vectorcardio- 
gram in (Mazzoleni, et al.), 648 

Hyperventilation, reflex venomotor alterations 
during exercise and (Merritt and 
Weissler ), 382 

Hypoplasia, aplasia or, of one pulmonary ar- 
tery: radiologic and pulmonary func- 
tion studies (Fisher and Van Epps), 26 

Hypothermia, effect of various drugs on spon- 
taneous and surgically induced ven- 
— fibrillation in (Covino, et al.), 

50 


Hypoxia, acute, after dissection of right and 
left coronary arteries (Table II) 
(Badeer and Horvath), 711 


myocardial, acute, and ischemic-nonischemic 
boundaries, role of, in ventricular 
fibrillation (Badeer and Horvath), 706 


I 


Idiopathic pericarditis, acute (Singer), 568 

Indicator dilution, assessment of mitral regur- 
gitation by: analysis of determinants 
of abnormal dilution curve (Levinson, 
et al.), 873 


observations on principle of Korner and 
Shillingford (Carleton, et al.), 663 


Infarction, effect of, on magnitude and orienta- 
tion of electrical events in heart 
(Jacobson, et al.), 863 


myocardial, acute, spontaneous subarachnoid 
— simulating (Beard, et al.), 
55 
coronary occlusion and (Snow), 645 

Inhibitor, monoamine-oxidase, 1-phenyl-2-hy- 
drazinopropane (JB-516), application 
of, to treatment of Bi” hyperten- 

sion (Gillespie, et a 


Inhibitors, amine oxidase, and angina pectoris 
(Winsor), 797 (Annot.) 
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Injections, arterial, intracoronary, of various 
roentgenographic contrast media, 
cardiac effects of (Guzman and West), 
597 


Innerer Krankheiten, Differentialdiagnose, 479 
(B. Rev.) 

Insufficiency, pulmonary, chronic, total body 
exchangeable potassium and sodium 
and extracellular fluid in (Baum, et 
al.), 53 


Insurability, long-term prognosis and, in coro- 
nary heart disease (Gubner and Un- 
gerleider), 436 

International Society of Cardiology, Session in 
Brussels, Belgium, September 15-19, 
1958, Joint Report of Research and 
Social Committees of (White, et al.), 
448 

Intestine, small, and urinary bladder, myocar- 
ditis associated with myositis of 
(Ramos, et al.), 395 

Intracardiac phonocardiography: valuable di- 
agnostic technique in congenital and 
acquired heart disease (Feruglio), 827 


Intravascular catheterization, 939 (B. Rev.) 

Ischemia, atrial, temporary, in case of hiatus 
hernia (Savranoglu and Lemberg), 912 

myocardial, extent of meg” of, in dogs 

(Savranoglu, et al.), 7 

Ischemic-nonischemic roche oa role of acute 
myocardial hypoxia and, in ventricu- 
4 fibrillation (Badeer and Horvath ), 

06 

Isometric curves of ventricle (Frank: translated 

by Chapman and Wasserman), 288 


Isotonic curve of ventricle (Frank: translated 
by Chapman and Wasserman), 299 


K 


Kidney, functional distention of, peri- 

nephritic hypertension (Swann, et al.), 

608 

Korner and Shillingford, observations on prin- 
ciple of; assessment of mitral regurgi- 
tation by indicator dilution (Carleton, 
et al.), 663 

Physiologie der, 481 (B. 

ev 

Kreislauf und Atmung, der Arbeits-und Train- 
ingseinfluss auf. Eine klinische und 
physiologische Betrachtung, 940 (B. 
Rev. ) 

Kreislaufs, kleinen, die klinische Physiologic 
des, 161 (B. Rev.) 


L 


Leads, epicardial and thoracic, direct: their 
relationship in man (Barbato, et al.), 
238 

Lesions, arterial, lipomatous, effects of thiou- 

racil and sitosterol on diet-induced 

hypercholesterolemia and, in rat (Best 

and Duncan), 214 
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Letter to editor, 938 
Ligation of coronary artery, work capacity of 
= ventricle following (Van Citters), 
of internal mammary and subclavian arteries, 
experimental evaluation of systemic 
and coronary arterial pressure re- 
sponse associated with (Botham, et 
al.), 719 
Lipomatous arterial lesions, effects of thiouracil 
and sitosterol on diet-induced hyper- 
cholesterolemia and, in rat (Best and 
Duncan), 214 
Lung disease, chronic, simultaneous estimation 
of right and left ventricular outputs 
applied to study of bronchial circula- 
tion in patients with (Cudkowicz, et 
al.), 743 
Lupus erythematosus, systemic, heart in 
(Shearn), 452 


M 


Malformations, mechanical, of cardiovascular 
system, clinical contribution of elec- 
trocardiography in (Ziegler), 504 

Mammary, internal, and subclavian arteries, 
experimental evaluation of systemic 
and coronary arterial pressure re- 
sponse associated with ligation of 
(Botham, et al.), 719 

Manson’s schistosomiasis, pulmonary schistoso- 
matic arteriovenous fistulas producing 
new cyantotic syndrome in (de Faria, 
et al.), 556 

Mechanical malformations of cardiovascular 
system, clinical contribution of elec- 
trocardiography in (Ziegler), 504 

Metabolism, fat, disorders, vitamin A tolerance 
test and, in angina pectoris (Beau- 
mont and Lenégre), 163 

Mitral regurgitation, assessment of, by indi- 
cator dilution: analysis of determi- 
nants of abnormal dilution curve 
(Levinson, et al.), 873 

observations on principle of Korner and 
Shillingford (Carleton, et al.), 663 
stenosis, diastolic pressure gradient between 
left atrium and left ventricle in cases 
of (Bjérk and Malmstrém), 486 
relationship between pulmonary arterial 
pressure and roentgenographic ap- 
pearance in (Moore, et al.), 576 
valve, myxoma of left atrium simulating 
restenosis of (Deshmukh, et al.), 623 
restenosis of (Fowler), 934 (Annot.) 
valvular disease, diagnostic value of left 
atrial pressure pulse in (Neustadt and 
Shaffer), 675 

Monoamine-oxidase inhibitor, i-phenyl-2-hy- 
drazinopropane (JB-516), application 
of, to treatment of primary hyper- 

tension (Gillespie, et al.), 1 
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Morbus caeruleus, clinical evolution of shunt- 
operations for: results of 150 opera- 
tions, in long-term follow-up (Mahaim, 
et al.), 13 

Muscle, cardiac, on dynamics of (Frank: 
translated by Chapman and Wasser- 
man), 282, 467 

general properties of (Huxley), 777 
structure visible in electron microscope 
(Huxley), 782 

Muscular contraction (Huxley), 777 

Myocardial hypoxia, acute, and _ ischemic- 
nonischemic boundaries, role of, in 
ventricular fibrillation (Badeer and 
Horvath), 706 

infarction, acute, spontaneous subarachnoid 
hemorrhage simulating (Beard, et 
al.), 755 
coronary occlusion and (Snow), 645 
ischemia, extent of reversibility of, in dogs 
(Savranoglu, et al.), 726 

Myocarditis associated with myositis of small 
intestine and urinary bladder: report 
of case (Ramos, et al.), 395 

granulomatous, isolated (Collyns), 630 

Myosin and actin, properties of (Huxley), 788 

Myositis of small intestine and urinary bladder, 
myocarditis associated with: report of 
case (Ramos, et al.), 395 


Myxoma of left atrium simulating restenosis of 
mitral valve (Deshmukh, et al.), 623 


N 


Nephrosis, experimental, some metabolic and 
structural characteristics of (Hart- 
man), 483 

Nervous system, sympathetic, surgery of, 160 
(B. Rev.) 

Neurogenic — (Mandell), 935 (An- 
not. 


Nicotinic acid, sitosterol, and safflower oil, 
comparison of treatment of hyper- 
cholesteremia with (Berge, et al.), 
849 

Nitrous-oxide method for determining coronary 

ood flow in man (Rowe), 268 

Novocain therapy in old age, research on, 480 

B. Rev.) 


O 


Occlusion, coronary, and myocardial infarction 
(Snow), 645 

experimental, S-T changes in- 

uenced by varying concentrations of 

oxygen in, in dog (I); studies on na- 

ture of S-T segment changes (Zao), 88 

Open-heart surgery, experimental, method for 

elective cardiac arrest in: electrocar- 

diographic observations (Feruglio and 

Ziliotto), 372 
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Operations, 150, results of, in long-term follow- 
up; clinical evolution of shunt-opera- 
tions for morbus caeruleus (Mahaim, 
et al.), 13 


Ossification, pulmonary, diffuse (Howard), 935 
(Annot.) 


Ostium secundum defect versus ostium primum 
(endocardial cushion) defect; electro- 
cardiographic changes in atrial septal 
defects (Pryor, et al.), 689 


type, atrial septal defect of, vectorcardio- 
graphic equivalent of “crochetage”’ 
of ORS of electrocardiogram in (Rod- 
riguez-Alvarez, et al.), 388 


Output, cardiac, stroke volume, and central 
venous pressure, changes in, induced 
by atropine in man (Berry, et al.), 204 


Outputs, right and left ventricular, simul- 
taneous estimation of, applied to 
study of bronchial circulation in dogs 
(Cudkowicz, et al.), 732 


in patients with chronic lung disease 
(Cudkowicz, et al.), 743 


Oxygen, S-T changes influenced by varying 
concentrations of, in experimental 
coronary artery occlusion in dog (1); 
studies on nature of S-T segment 
changes (Zao), 88 


P 


Pain, chest, comparative serum transaminase 
and dehydrogenase activities in (Rod- 
ney and Shapiro), 807 

Pericarditis, idiopathic, acute (Singer), 568 

Perinephritic hypertension, functional disten- 
tion of kidney in (Swann, et al.), 608 

1-Phenyl-2-hydrazinopropane (JB-516), mono- 
amine-oxidase inhibitor, application 


of, to treatment of hyperten-- 


sion (Gillespie, et a 


Phonocardiography in atrial septal defect: 
correlation between hemodynamics 
and phonocardiographic findings (Di- 
mond and Benchimol), 343 


intracardiac: valuable diagnostic technique 
in congenital and acquired heart 
disease (Feruglio), 827 


Physiologic abnormalities and clinical diagnosis 
(Lange), 798 (Annot.) 


Physiology, pathologic, of pulmonary embo- 
lism: physiologic discussion of vascu- 
lar reactions following pulmonary 
arterial obstruction by emboli of vary- 
ing size (Nelson and Smith), 916 


Planes, frontal and horizontal; mean manifest 
electrical axes of ventricular activa- 
tion and _ repolarization processes 


(AQRS and AT) in congenital heart 
= (Ayala y de Landero, et al.), 


SUBJECT INDEX 


Portal hypertension, pathology and manage- 
ment of, 160 (B. Rev.) 


Potassium and sodium, exchangeable, total 
body, and extracellular fluid in chronic 
pulmonary insufficiency (Baum, et 
al.), 53 


Pressure, arterial, pulmonary, and roentgeno- 
graphic appearance, relationship be- 
tween, in mitral stenosis (Moore, et 
al.), 576 


blood, variations in, in two arms of urban 
Africans (Slome, et al.), 41 


curve, changes of, and of ejected volume 
through alteration of after - load 
(Dreser) (Frank: translated by Chap- 
man and Wasserman), 467 


volumes with change of load (filling) 
(Frank: translated by Chapman and 
Wasserman), 310 


in ventricle (Frank: translated by Chap- 
man and Wasserman), 302 


of atrium (Frank: translated by Chapman 
and Wasserman), 308 


gradient, diastolic, between left atrium and 
left ventricle in cases of mitral stenosis 
(Bjérk and Malmstrém), 486 


pulse, atrial, left, diagnostic value of, in 
mitral valvular disease (Neustadt and 
Shaffer), 675 


response, systemic and coronary arterial, as- 
sociated with ligation of internal mam- 
mary and subclavian arteries, experi- 
— evaluation of (Botham, et al.), 

19 


venous, central, changes in cardiac output, 
stroke volume, and, induced by atro- 
pine in man (Berry, et al.), 204 


Prognosis, long-term, and insurability in coro- 
nary heart disease (Gubner and 
Ungerleider), 436 


Protein components of muscle (Huxley), 788 


Psychological, social and, problems in patients 
with chronic cardiac illness (Biérck), 
414 


Pulmonary arterial and_ reticuloendothelial 
modifications induced by serotonin 
in rabbit and in rat (Rossi, et al.), 715 


one, aplasia or hypoplasia of: 
radiologic and pulmonary function 
studies (Fisher and Van Epps), 26 


circulation, 940 (B. Rev.) 

embolism, pathologic physiology of: phys- 
iologic discussion of vascular reac- 
tions following pulmonary arterial 


obstruction by emboli of varying size 
(Nelson and Smith), 916 


insufficiency, chronic, total body exchange- 
able potassium and sodium and ex- 
tracellular fluid in (Baum, et al.), 53 


artery, 


Pulmonary—Cont'd 
ossification, diffuse (Howard), 935 (Annot.) 


schistosomatic arteriovenous fistulas produc- 
ing new cyanotic syndrome in Man- 
= s schistosomiasis (de Faria, et al.), 


Pulmonic stenosis, vectorcardiogram and elec- 
trocardiogram before and after val- 
vulotomy for (Kahn, et al.), 327 


Pulse, atrial pressure, left, diagnostic value of, 
in mitral valvular disease (Neustadt 
. and Shaffer), 675 


carotid, recording, indirect, in diagnosis, 
study with particular reference to; 
aortic stenosis (Smith, et al.), 527 


upstroke, relation between auscultatory gap 
and (Rodbard and Ciesielski), 221 


Puncture, left atrial, transbronchial, complica- 
tions of (Crymes, et al.), 46 


Q 


QRS of electrocardiogram, vectorcardiographic 
equivalent of ‘‘crochetage’’ of, in 
atrial septal defect of ostium secun- 
— type (Rodriguez-Alvarez, et al.), 


R 


Rabbit, pulmonary arterial and_reticuloendo- 
thelial modifications induced by sero- 
tonin in, and in rat (Rossi, et al), 715 


Radiologic and pulmonary function studies; 
aplasia or hypoplasia of one pul- 
a artery (Fisher and Van Epps), 


Rat, effects of thiouracil and sitosterol on diet- 
induced hypercholesterolemia and lip- 
omatous arterial lesions in (Best and 
Duncan), 214 


pulmonary arterial and reticuloendothelial 
modifications induced by serotonin in 
rabbit and in (Rossi, et al.), 715 


Reflex venomotor alterations during exercise 
and hyperventilation (Merritt and 
Weissler ), 382 


Regurgitation, mitral, assessment of, by indi- 
cator dilution: analysis of deter- 
minants of abnormal dilution curve 
(Levinson, et al.), 873 


observations on principle of Korner and 
Shillingford (Carleton, et al.), 663 


Rehabilitation of cardiac patient, factors which 
influence success of (Hellerstein), 426 


intereducation and re-education in (Hel- 
lerstein), 425 


Renal glomerulus, human, reconsideration of 
development, structure, and _ dis- 
ease of (Kurtz and McManus), 357 
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Repolarization processes (AQRS and AT), 
mean manifest electrical axes of ven- 
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Date 3/3] 3/4 3/5 | 3/6] 3/7| 3/8 | 3/9|3/10]3/ 11) 3/12] 3/13 [3/14 |3/15| 3/ 16 |3/ 17 | 3/18 [3/19 [8/20 [3/21 [3/22 [3/28 
(pousds) {178] 176] 170] 169 | 167 | 159 | 158) 158 | 157 | 153 | 155 | 155 | 156 | 154 |154 15s | — | — |151 
Rx M* Esidrix 50 mg. b.i.d. - 


* Mercurial diuretic 


CI T.M. 


| = 
(hydrochlorothiazide CIBA) 


pre-eminently effective whenever diuresis is desired 


Indicated in: congestive heart failure . . . nephrosis and nephritis 
... toxemia of pregnancy . ... premenstrual edema . . . edema of 
pregnancy . . . steroid-induced edema . . . edema of obesity 


Supplied: Esidrix Tablets, 
25 mg. (pink, scored) 

and 50 mg. (yellow, scored); 
bottles of 100 and 1000. 
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After 19 days on Esidrix: 
Weight 149 Ibs. 


pedal edema reduced with Fsidrix 


H. K., 44 years old, was admitted 
to the hospital on 3/3/59 with 
complaints of swollen abdomen, 
swelling of both legs and exer- 
tional dyspnea. These symptoms 
had been intensifying over a 
three-week period. The patient's 
history included heavy drinking 
since the age of 18, and one prior 
admission to the hospital in 1954 
with ascites and pedal edema. 
Diagnosis, at that time, was Laen- 
nec’s cirrhosis, and the patient 
responded well to a regimen of 
diuretics, salt restriction and mul- 
tivitamins. There was no recur- 
rence up to that leading to his 
current admission. 


2/2714mMK 


Yecember, 1959 


Clinical findings worthy of note: 
Eyes — conjunctivae and sclerae 
slightly icteric. Chest—diaphragm 
elevated. Abdomen — girth en- 
larged, definite fluid wave. Liver 
palpated 4 fingerbreadths below 
the costal margin; no other pal- 
pable viscera. Extremities—pedal 


edema (4+). 


The patient is well developed and 
not in acute distress. Blood pres- 
sure, 140/80 mm. Hg; pulse, 
112/min.; respiration, 20/min. 
Impression: Laennec’s cirrhosis — 
decompensated. 


Treatment: Mercurial diuretic on 
3/3 and 3/4, followed by Esidrix, 
50 mg. b.i.d., from 3/5 to 3/23 
when patient signed out of hos- 
pital. Esidrix induced copious 
diuresis resulting in almost com- 
plete disappearance of edema. 
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Marplan prevents or reduces anginal pain — Marplan, a new, safer 
and therapeutically more effective amine oxidase inhibitor, pro- 
duced “excellent effects with relatively small doses”! when used on 
a continuing dosage schedule in patients with angina pectoris. 
Indicated primarily for patients with moderately severe to intrac- 
table angina pectoris, Marplan often “afforded greater relief than 
any other compound. . . .”! Response to Marplan is usually seen in 
a reduction of the number and severity of attacks, with consequent 
lowering of nitroglycerin requirements. 


A recent Marplan report from the literature? 


Usual Duration of 


Patients Age Diagnosis Dose Treatment 


$l 40’s-70’s_ = Angina pectoris. 15-30 1-9 mos. 
“About one-half mg/day 
were severely ill.” 


Results: “Over 70 per cent of the patients reported notable benefits. . . . 


Marplan creates a more confident mental climate — The profound 
antidepressive action of Marplan also controls the components of 
anxiety and hopelessness, which so often aggravate angina pec- 
toris. Patients display a “more cheerful outlook,”! improving the 
chances of success of the entire prophylactic regimen. 


Marplan strikes a happy balance of potency/safety — Marplan has 
been tested longer, and in more patients, than any of the recently 
introduced amine oxidase inhibitors. There have been no reports 
of liver damage attributable to Marplan or any other serious 
toxicity. Nevertheless, all precautions set forth in the product 
literature should be strictly observed. Specifically, since the pre- 
cise manner in which Marplan improves the cardiac status is as 
yet undefined and since so many patients attain a virtually pain- 
free state, it is imperative that patients be instructed to maintain 
the same restrictions of activity in force prior to Marplan therapy. 


Supplied: 10-mg tablets in bottles of 100 and 1000. 


References: 1. R. W. Oblath, paper oe at American Therapeutic Society, 
60th Annual Meeting, Atlantic City, N. J., June 6, 1959. 2. G. C. Griffith, 
Clin. Med., 6:1555, 1959. 


hydrazine 


ROCHE® 
ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc « Nutley 10 «+ N.J. 


a happy balance™ of 


arplan 


potency / safety 
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announcing 


the k ne in a new and 


Wsrensin is a new oral ganglionic-blocking agent of significance to 
every physician who treats hypertensive patients. The sympa- 
thetic blockade produced with OsTENsIN lowers systolic and 
diastolic blood pressure with predictable effectiveness and yet— 
because of minimal parasympathetic action—with fewer and less 
severe by-effects.'?* OsTENSIN offers further advantages in oral 
administration, low dosage, smoot’ and prolonged antihyper- 
tensive action, prompt onset, ne « vidence of inherent toxicity, 
and rare drug tolerance.* 


OsTENSIN, used with chiorothiazide or its derivatives, provides 


a superior new antihyperte’ regimen'?** with re duced 
dosage, by-effects further decrea:...a clinica! benefits. 
OsTENSIN is indicated in diast’ iaypertension. (Diastolic 
hypertension is defined as “...the vation of diastolic blood 
pressure to 90 mm. Hg or above.””) 


COMPREHENSIVE LITERATURE SUPPLIED ON RE. 


TABLETS 


4088 


PP; iyi i 


Wyeth 


Philadelphia 1,Pa. | OsTEnstN is the registered trademark for Trimethidinium Methosulfate, Wveth. 
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effective antihypertensive regimen 


By-EFrrects oF THREE OTHER GANGLIONIC-BLOCKING 
AGENTs®*?® COMPARED WITH THOSE OF OSTENSIN!? 


Other Agents OSTENSIN 
Constipation 59-69% of patients 5% of patients 
Postural hypotension 33-59% of patients Be of patients 
Visual disturbances 42-50% of patients 34% of patients 
Dry mouth 38-41% of patients 15% of patients 4 


“Of particular interest has been the virtual absence of constipation de- 
spite adequate blood pressure control. This finding suggests a lower risk 
of paralytic ileus. .. .” 


Supplied: Tablets, scored, 20 and 40 mg., vials of 100. 


1. Dunsmore, R.A., et al.: Am. J. M. Se. 236:483 (Oct.) 1958. 2. Blaquier, P., et al.: Univ. Michigan 
M. Bull. 24:409 (Oct.) 1958. 3. Smirk, F.H.: Submitted for publication. 4. Janney, J.F.: Submitted 
for publication. 5. Council on Drugs, A.M.A.: J.A.M.A. 166:640 (Feb. 8) 1958. 6. Freis, E.D., 
and Wilson, I.M.: Circulation 13:856 (June) 1956. 7. Moyer, J.H., et al.: A.M.A. Arch. Int. Med. 
98:187 (Aug.) 1956. 8. Moyer, J.H., et al.: Am. Pract. & Dig. Treat. 7:1765 (Nov.) 1956. 9. 
Dunsmore, RA. In Tislow, R.F., et al.: Scientific Exhibit. Presented at Annual Convention of 
A.M.A., San Francisco, June 23-27, 1958. 
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urnal 4 


In Coronary 


Your high-strung angina patient 
often expends a “100-yd. dash” 
worth of cardiac reserve 


through needless excitement. 


Curbs emotion 
as it boosts 
coronary 


blood supply 


CONTROL OF EMOTIONAL 
EXERTION with Miltrate 
leaves him more freedom 
for physical activity. 


IMPROVED CORONARY BLOOD 
SUPPLY with Miltrate 
increases his exercise tolerance. 


Miltrate 


Miltown® (meprobamate) + PETN 


Each tablet contains: 200 mg. Miltown and 
10 mg. pentaerythritol tetranitrate. 
Supplied: Bottles of 50 tablets. 


Usual dosage: 1 or 2 tablets q.i.d. before meals 
and at bedtime. Dosage should be individualized. 


Wi WALLACE LABORATORIES + New Brunswick, N. J. 


CML-9159-59 


American Heart Journal 
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Used in every type of practice 


and clinical specialty today, 


EQUANIL® (meprobamate, Wyeth) 


has proved that anxiety and 


tension can be controlled to 


smooth the course of diagnosis, 


treatment, and convalescence. 


Anxiety is a fact of life. Anx- 


iety isa fact of illness. 


| 
. : 
" 
Philadelphia 1, Pa. 
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COUMADIN’ 


SODIUM 
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INDO LABORATORIES INC 
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Goumadin the original 
and only sodium 
responsible for 
establishing this drug 
“the best 
available 

(over 50 published papers since 1953) 


GOUMADIN 


FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE SODIU M 


IN MYOCARDIAL INFARCTION 
AND OTHER THROMBOEMBOLIC DISORDERS 


TABLETS AVERAGE DOSE 
For oral administration—2 mg., lavender, scored; 5 mg., peach, Initial, 50 mg. Maintenance, 5-10 mg. daily, as indicated by pro- 
scored; 10 mg., white, scored; 25 mg., red, scored. in ti inati 


INJECTION 


is manufactured under license from 
For parenteral administration — Single Injection Units, consist- the Alumni Research Foundation... clinically estab- 
ing of one vial, 75 mg., and one 3-cc. ampul Water for Injection. lished by Endo. 


Complete Information and Reprints o odie est 
Se ENDO LABORATORIES Richmond Hill 18, New York 
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SUBLINGUAL TABLETS 


ANGINA PECTORIS 


“Nitroglycerin and erythrol tetranitrate when administered 
sublingually are among the most effective of all prophylactic 
agents available for the treatment of patients with angina pec- 
toris. The comparatively prolonged duration of action of ery- 
throl tetranitrate makes it especially valuable for clinical use.” 


Riseman, J. E. F., et al.: Circulation 17:22, 1958 


Sublingual administration obviates inactivation 
of nitrites in gastrointestinal tract. 


Most closely approximates nitroglycerin in fre- a 
quency and degree of effectiveness. Bas 
‘Cardilate’ brand Erythrol Tetranitrate 

Sublingual Tablets 15 mg., scored. a 


4 E’ Bra BURROUGHS WELLCOME & CO. (U.S.A.) INC. 


Tuckahoe, New York 
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snew and improved oral diuretic 


REFERENCES: 
1. Dube, A. C., 
: Personal communica- 


2. Ford, R. V., Nickell, J., and Dennis, E. 
W.: Ant. Med. & Clin. Ther. 6:461, 1959. 

3. Fuchs, M., Hahnemann Medical College, 
Philadelphia : Personal communication. 

4. Hudson, R., Meyer Memorial Hospital, 
Buffalo, N. Y.: Personal communication. 

5. Meilman, E., Long Island Jewish Hos- 
pital, New Hyde Park, N. Y.: Personal 
communication. 


6. Yu, Paul, University of Rochester Medi- 
cal School, Rochester, N. Y.: 
communication. 


Personal 


Effective dose 50-mg. per day.'-® 
@ Prompt sodium excretion, with ‘‘a duration of at least 18 hours.’’? 
e@ 30% more natriuresis than parenteral meralluride — 


62% more than oral chlorothiazide 


e Less potassium and bicarbonate excretion or pH change than with chlo 
thiazide or hydrochlorothiazic 

e “No significant serum electrolyte changes.’’? 

e Continued effectiveness with prolonged use.':?:*5°® 

@ Well tolerated.'* 


INDICATIONS: 

SALURON is indicated for the treatment of salt and water retention associa 
with cardiac or renal insufficiency, hepatic cirrhosis, pregnancy, premenst 
syndrome, or steroid administration. 

DOSAGE: 

Usual dose one tablet on arising. Some patients respond to as little as 25 

per day; but doses as high as 400 mg. may be used. Ideally, the dosage sho 
be adjusted to the individual patient’s need, so that effective diuresis is 
duced with the minimal dose. 

SUPPLY: 

Scored 50 mg. tablets of sustained-action hydroflumethiazide; bottles of 

Comprehensive information on administration, dosage and precautions on 2 
age insert, or available on request. 


Bristol JLABORATORIES INC., 


SYRACUSE, NEW 


TABLET 


clinical research finding: 
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A quinidine of choice in atrial fibrillation, flutter, for samples and literature, write . . . 


premature contractions, auricular tachycardia. WYNN ES8eoaation 
DOSAGE: see PDR for dosage, etc. 5119 West Stiles Street, Philadelphia 31, Pa. 


also available: 

INJECTABLE QUINAGLUTE 

10 cc. Multiple Dose Vials, 0.08 Gm. 
Quinidine Gluconate per cc. 


SUPPLIED: Bottles of 30, 100, 250. 


1. Bellet, S.; Finkelstein, D., and Gilmore, H.: 
A.M.A. Archives Int, Med. 100:750, 1957. 


2. Bellet, S.: Amer. Heart J. 56:479, 1958. 
3. Finkelstein, D.: Penn. Med. J, 61:1216, 1958. PAGE 867 *U. S. Patent 2895881 


no longer need patients be 
denied quinidine benefits in 
cardiac arrhythmias because of g.i. distress 


QUINAGLUTE DURA-TAB S.M. 


provides well tolerated quinidine gluconate (ten times 


liazide 
chlo 
niazid 


Each Quinaglute Dura-Tab S.M. dose maintains uniform effective 
plasma levels up to 12 hours. Night dosage unnecessary. Safer, 
more efficient — no valleys where arrhythmias tend to recur.}3 


as soluble as quinidine sulfate) in Sustained Medication* form ti 
| 
Le} “ae 
oral b.i.d. dosage (every 12 hours) d * 
: 
i 
§ 4 
Yo 
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FASTER, MORE PRECISE ADJUSTMENT OF PROTHROMBIN LEVEL 


After recovery from a myocardial infarction, DANILONE — the “maximum security” anticoagu- 


_lant—guards the patient against the inevitable! subsequent recurrence with less risk of hemor- 


rhage. Unlike dicumarol and related coumarin derivatives, DANILONE has a short latent and a 
short recovery period, and therefore, noncumulative action. Thus, the prothrombin level may 
be rapidly and accurately adjusted upward or downward by simple alteration of oral dosage. 
DANILONE may even be administered to many patients with shock, debilitation, hepatic, renal or ~ 
gastrointestinal disease even though coumarin derivatives might be geet. The practical 
advantages of DANILONE are well documented. 


EARLY ONSET “...approximately twice as fast in reaching therapeutic levels as is 
dicumarol.”2 

FASTER DISSIPATION “...rapid return to a normal level in the event of undue 
prolongation of prothrombin time or hemorrhage.”* (After withdrawal of DANILONE, recovery 
is well advanced in 24 hours, complete in 40 hours — as opposed to 7 days for dicumarol). 
GREATER SAFETY “...can be administered with reasonable safety in the presence of 
many conditions which would contraindicate the use of dicumarol.”* 

_ The short latent period and rapid recovery allow the physician to obtain even more satis- 
factory control by dividing the daily dose into two twelve-hour intervals. 

“An advantage of a twelve-hour dosage schedule is that only half the daily dose may have 
been given when bleeding or excess prothrombin effect is discovered, allowing earlier — 
ment of dosage or discontinuance.”* 

ECONOMICAL “...We have found phenindione inexpensive . . .” 

PREDICTABLE “...and relatively easy to manage with a reasonably constant daily 
dosage.” 

Samples and literature available on request. 

Supplied: In 50 mg. scored tablets, bottles of 100 and 1,000. 


1. Manchester, B.: Ann. Int. Med. 47:1202 (Dec.) 1957. 2. Harper, B. F. and Johnson, R.: J.M.A. Georgia 45:149 (April) 
1956. 3. Wood, J. L. et al.: J.A.M.A. 159:635 (Oct.) 1955. 4. Sise, H. et al.: Am. Heart J. 53:132 (Jan.) 1957. 


Sohisfffelen & Ge. / Pince'1794 c> Pharmaceutical and Research Laboratories, New York 3, N. Y. 


Page 20 American Heart Journal 


Ng 
e 
® 
(Phenindione, Schieffelin) é 
66 
Dosa, 
“ 1 
ATA 
this 
CAR’ 
| 
F ¢ 
“( ‘AF 
cer 


d PROTECTS | 
AGAINST 
_ANGIN AL 


the most effective drug: 
currently available for cts with this. 
longed prophylactic treat: Iso because in 


ment of angina pectoris. e ti wi % 
Prevents some 80% of 
y 
il 
is 
e 
y 
yf 
re (PETN + ATARAX) 
t- 
ly 
Dosage: Begin with 1 to 2 yellow CARTRAX Supplied: In bottles of 100. 
“10” tablets (10 mg. PETN plus 10 mg. _ References: 1. Russek, H. I: Postgrad. Med. 19:562 (June) 
is may increa y switching pi - 
» CARTRAX “20” tablets (20 mg. PETN plus 
ivision, Chas er & Co., Inc. 
write “CARTRAX 10” or Science for the World’s Well-Being 
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adding ganglionic-blocking 


MECAMYLAMINE HCl 
often makes possible a lessening of cardiovascular-renal damage, 


regression of the basic disease, and prolongation of life 


@ 


‘unecessary delay must be avoided in establishing ganglion blockade in severe or malignant hypertension” 
Beem, J. R., and Moyer, J. H.: Geriatrics 13:378, June 1968. 
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relieve high blood pressure and its manifestations 


INVERSINE 


MECAMYLAMINE HCl 


for moderate, severe, and malignant hypertension 


“When employed under carefully controlled conditions with adequate attention to 
proper regulation of dosage, mecamylamine (ENVERSINE’] may be expected to 
reduce blood pressure effectively and to ameliorate various manifestations of hyper- 
tensive-cardiovascular disease. These include sueh symptoms as headache, dizziness, 
vertigo, hypertensive encephalopathy, cerebral or subarachnoid hemorrhage, retin- 
opathy, cardiac hypertrophy and, in some cases, cardiac decompensation.” 


A.M.A. Council on Drugs, New and Nonofficial Drugs: Philadelphia, J. B, Lippincott Co., 1958, p. 285 
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GREATLY IMPROVED GANGLIONIC BLOCKING AGENT 


‘INVERSINE’ 


e of the orally effective blocking agents, only ‘INVERSINE’ is completely and 


uniformly absorbed 


because it is uniformly absorbed, ‘INVERSINE’ provides predictable, reproducible 
effects with minimal day-to-day fluctuations 


has a gradual onset of effect, reducing the likelihood of sudden drops in blood pressure 


effective in extremely low dosage (orally, 10 mg. ‘INVERSINE’ is approximately 
equivalent to 100 mg. pentolinium, 80 mg. chlorisondamine, 1000 mg. hexamethonium) 


e has a long duration of action (6 to 12 hours or longer), permitting convenient 


dosage schedules 


e development of tolerance is not as pronounced as with other ganglionic blocking drugs 


pretreatment with ‘Diuril’, or ‘Diuril’ and rauwolfia, enhances therapy with ‘Inversine’ 
“Pretreatment with chlorothiazide [‘DIURIL’] and rauwolfia reduces the dosage requirement, 
augments blood: pressure response, and moderates certain of the side effects of ganglion blocking agents. 
Although such basal therapy is advantageous, unnecessary delay must be avoided in establishing 
ganglion blockade in severe or malignant hypertension.” 

Beem, J. R., and Moyer, J. H.: Geriatrics 13:378, June 1958 


dosage recommendations for new patients 


1. Initiate therapy with ‘DIURIL’ 

‘DIURIL’ is given in a dosage range of from 250 
mg. twice a day to 500 mg. three times a day, 
depending on severity of the hypertension. 


2. Add other agents 

Other drugs (rauwolfia, ‘INVERSINE’, hydrala- 
zine, etc.) are added as necessary and their dosage 
adjusted according to patient response. 


‘INVERSINE’ is given in the same manner whether 
used with other drugs or alone. Recommended 
initial dosage is 2.5 mg. twice a day, pref- 


effective in many patients who do not respond to other ganglionic blocking drugs 


erably after meals. May be increased by 2.5 mg. 
at intervals of no less than two days until desired 
response is obtained. In severe or urgent cases, the 
increments may have to be larger or more fre- 
quent, with the largest dose given preferably at 
noon or in the evening. ‘INVERSINE’ is extremely 
potent and should always be titrated according to 
the patient’s orthostatic blood pressure response. 


3. Adjust dosage of all medication 

The patient must be observed frequently and care- 
ful adjustment of all agents should be made to 
determine optimal maintenance dosage. 


Precautions: Side effects of ‘INVERSINE’ are essentially the same as those encountered 
with other ganglionic blocking agents. At the first sign of constipation, vigorous treat- 
ment must be initiated immediately since paralytic ileus may result if constipation is 
unchecked. Patients should be informed how to cope with postural hypotension should this 
occur. ‘INVERSINE’ is contraindicated in coronary insufficiency, organic pylorie stenosis 
and recent myocardial infarction. Additional information on ‘INVERSINE’ and ‘DIURIL’ 


is available on request. 


Supplied: ‘INVERSINE’, tablets of 2.5 and 10 mg. Bottles of 100. 
‘DIURIL’, tablets of 250 mg. and 500 mg. Bottles of 100 and 1000. 


mQo MERCK SHARP & DOHME, pivisION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


INVERSINE and DIURIL are trademarks of Merck & Co., Inc. 
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“SAFE AND 
EFFECTIVE | 
MAINTENANCE 
THERAPY...HAD 

BEEN A 

PROBLEM AT 

OUR 

INSTITUTION. 

UNTIL WE 

USED GITALIN 


GITALIGIN 0.5 mg. 


WIDEST SAFETY MARGIN—Aver- 
age therapeutic dose is only ¥ the 
toxic dose. 


FASTER RATE OF ELIMINATION 
THAN DIGITOXIN or digitalis 
leaf. 


‘THESE SIMPLE DOSAGE EQUIV- 
ALENTS MAKE IT EASY TO 
SWITCH YOUR PATIENT TO 
GITALIGIN —0.5 mg. of Gitaligin 
is approximately equivalent to 0.1 
Gm. digitalis leaf, 0.5 mg. digoxin 
or 0.1 mg. digitoxin. 

*Harris, R., and Del Giacco, R. R.: Am. 

Heart J. 52:300, 1956. 

tWhite’s brand of amorphous gitalin. 
tBibliography available on request. 


Arteriosclerotic Heart Disease 


WHITE LABORATORIES, INC. 
}) KENILWORTH, N.J. 


American Heart Journal 
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NeEvrVOUS 
patient 


relief comes fast and comfortably 


—does not produce autonomic side reactions 
—does not impair mental efficiency, motor 
control, or normal behavior. 


Usual Dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar- 
coated tablets or as MEPROTABS*—400 mg. 
unmarked, coated tablets. 


meprobamate (Wallace) 
iy) WALLACE LABORATORIES / New Brunswick, N. J. 
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Sussman, Bede and Fitch, T.S. Pee A.-767:1705 

EARMAGEUT AL CORPORATION, RARITAN, 


thrombophlebitis 
and 
pulmonary embolism 


Clinically proved,"* ACTASE has a specific lytic ef- 
fect upon the venous thrombus or pulmonary embolus. 
Patients respond rapidly, often dramatically, to the clot- 
dissolving action of an intravenous infusion of this phy- 
siologic fibrinolysin.* A significant decrease in length of 
hospitalization following thrombophlebitis, as well as a 
reduction in the threat of pulmonary embolism, is now 
possible. In one series of patients with deep thrombo- 
phlebitis, some of whom had previously 
suffered pulmonary emboli, no occur- 
rence of pulmonary emboli was reported 
following administration of ACTASE.* 


COMPLETE INFORMATION AVAILABLE ON REQUEST. 
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INJECTION 


ARAMINE 


METARAMINOL 


provides combined pressor, myocardium- 
Stimulating effect with no tissue slough reported 


ARAMINE ‘‘Metaraminol combines strong pressor effect with 
myocardial-stimulating action .. 

ARAMINE can be administered for balanced pressor, myo- 
cardium-stimulating effect by any desired route—intravenous, 
intramuscular or subcutaneous—with no reported tissue slough 
and with minimal risk of causing arrythmias. Repeated injections 
of ARAMINE appear to elicit no tachyphylactic response. 

ARAMINE is always ready for immediate use—no dilution is re- 
quired. These advantages of ARAMINE make it equally valuable 
in shock accompanying anaphylaxis, brain damage, infectious 
disease, hemorrhage, surgery, trauma. 


Supptied:i9 1-ce. ampuls and 10-cc. vials (10 mg. per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 


ADDITIONAL information is available to physicians on request. Address Professional Service 
Department, West Point, Pa. 


1. Selzer, A. and Rytand, D.A.: COUNCIL ON DRUGS, Report to Council J.A.M.A. 168:762, 
(Oct. 11) 1958. 
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MERCK SHARP & DOHME 


controls the “target 


ai * 


otional stress with the 


ion on affective tension that distinguishes 


to fit the promise to your practice 


The Major Advantages of PermitiL: 


s Unusually safe, fractional milligram dosage. Made possible by PERMITIL’s 
greatly enhanced activity?, rapid onset and prolonged duration of action. 


u Unparalleled freedom from depressant effects. Many of the annoying 
side effects of the other phenothiazines, which are dosage-related, occur less 
frequently or not at all with PermitiL, Thus Permit alleviates symptoms 
of anxiety without producing drowsiness, impaired alertness or slowed 
intellectual function. 

a Expanded spectrum of “target symptoms”. Anxiety-induced symptoms of 
apathy, reduced initiative and chronic emotional fatigue—often refractory 
to other phenothiazines—frequently respond to Permitit. The patient re- 
gains a more confident outlook and normal drive is restored. 


The Areas of Usefulness for PERMITIL: 


= Behavioral disturbances characterized by anxiety, tension, apprehension 
and instability, as well as depressive symptoms associated with anxiety states. 


= Emotional stress accompanying organic disorders and complicating recov- 
ery from, or acceptance of, the underlying condition. 


a Chronic disorders in which anxiety and stress are contributing factors, 
e.g., gastrointestinal dysfunctions, neurodermatitis, asthma, premenstrual 
= tension, arthritis, hypertension ana tension headache. 


How to Prescribe PeRMITIL: 


The recommended dose for most adults is one 0.25 mg. tablet twice a day. 
This may be increased to two 0.25 mg. tablets twice a day if required. Total 
daily dosage in excess of 1 mg. should be employed only in patients with 
relatively severe symptoms who have had a trial of lower dosages first that 
were well tolerated but were only partially effective. In such patients, the 
total daily dose may be increased to a maximum of 2 mg., given in divided 
amounts. (Dosage for children has not been established.) 


Side Effects—Infrequent; Contraindications—Minimal: 

At the recommended dosage of Permitit, side effects have been observed 
infrequently or not at all. PERMITIL, as with other phenothiazines, is con- 
traindicated in severely depressed: states. 

Available in Tablets of 0.25 mg.; bottles of 50 and 500. 


References: 1. Freyhan, F. A.: Psychopharmacology Frontiers, Boston, Little, Brown & Co., 1959, p. 7. 
2. Ayd, F. J.: The current status of major tranquilizers, in press. 


(Zz WHITE LABORATORIES, INC., Kenilworth, New Jersey 
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In hypoprothrombinemia 


KONAKION 


Rapid action rate of absorption faster than menadione or derivatives... 
more potent and lasting effects. 


Wide margin of safety substantially safer than vitamin-K analogues—no kernicterus 
reported. 


Versatility of administration capsules for oral use... fine aqueous dispersion for parenteral 
administraticn. 


Compatibility unlike vitamin-K analogues or similar products, the paren- 
teral form of Konakion is a fine aqueous dispersion compatible 
with most I.V. vehicles. 


Low dosage forms no excess, no waste— packaged for economical one-time use. 


Prophylactically and therapeutically, Konakion is indicated in obstetrics to prevent or control 
neonatal hemorrhage, to minimize excessive bleeding in surgery, to offset anticoagulant over- 
dosage, and whenever vitamin-K utilization is impaired. 


KONAKION®—brand of vitamin. K, 
RocHE® Capsules—5 mg; Ampuls—1 mg/0.5 cc; 10 mg/1 cc; 25 mg/2.5 ec 


| 
| 
°° 
ROCHE LABORATORIES: Division of Hoffmann-La Roche Inc*Nutley 10, New Jersey 
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NILAMEID 


reduces pain 
in angina pectoris 


NIAMID, in intensive clinical tests, has 
proved to have a high degree of safety 
and to be a valuable adjunct in the 
management of the anginal syndrome. 
NIAMID produces striking symptomat- 
ic improvement in angina patients... 


@ reduces frequency of anginal episodes 
@ diminishes severity of attacks 
@ decreases nitroglycerin requirements 


@ renews sense of well-being 


Note: Because of dramatic relief of symp- 
toms and increased sense of well-being in 
anginal cases, it is advisable to caution the 
patient against overexertion. 


DOSAGE: Start with 75 mg. of NIAMID daily 
in single or divided doses. After 2 weeks 
or more, adjust the dosage, depending 
upon patient response, in steps of one or 
one-half 25 mg. tablet. Once improvement 
is seen, gradually reduce dosage to the 
maintenance level. Many patients respond 
to NIAMID within a few days, others within 
7 to 14 days. NIAMID is available as 25 mg. 
(pink) and 100 mg. (orange) scored tablets. 


A Professional Information Booklet giv- 
ing detailed information on NIAMID is 
available on request from the Medical De- 
partment, Pfizer Laboratories, Division, 
Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 


*Trademark for nialamide 


Pfizer) Science for the world’s well-being™ 


Bed of Digitalis purpurea 
with Campanula (Canterbury Bells) in foreground 


Not far from here are manufactured 


from the powdered leaf 
Pil. Digitalis (Davies, Rose) 
0.1 Gram (11% grains) or 1 U.S.P. Digitalis Unit. 
They are physiologically standardized, 


with an expiration date on each package. 
Being Digitalis in its completeness, 
this preparation comprises the 
entire therapeutic value of the drug. 
It provides the physician with a safe and effective . 
means of digitalizing the cardiac patient 
and of maintaining the necessary saturation. 
_ Security lies in prescribing the 
“original bottle of 35 pills, Davies, Rose.” 


Clinical samples and literature sent to physicians on request 


Davies, Rose & Co., Ltd. Boston 18, Mass. 
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brings new dimensions 

to radiology of the heart 

and circulatory system 
and with far less 

radiation exposure 


E PICKER 
ARDIOLOGICAL 
RAY UNIT 


single comprehensive apparatus with which you can... 


fluoroscope on an 8" amplifier tube 
(The field is large enough to visualize the whole adult heart) 


monitor continuously on closed-circuit TV 


bt the story from your local (Simultaneously with any number of remote TV screens) 
ker representative or write 
ER_X-RAY.CORPORATION record an examination on 16mm cinefilm 


Broadway, White Plains, N. Y. (At rates up to 60 frames-per-second) 


fluoroscope in the large on a non-amplified 12" x 12" 
fluoroscopic screen 
(By simply sliding the amplifier assembly out of the field) 


get a 10" x 12" radiograph anytime during the examination 
(Simply drop a loaded cassette into the well, expose, remove an 
back to fluoroscopy) 


: 


2 
nal 
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in Digitalis Therapy: 


IN’ TABLETS 
seored (white) | 
1 (green) 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, 


known as Digoxin 'B.W.& Co” a 
4 
ere 
“If one digua 
if or us 
i wou 4 
the drug of 
$ 
P A.: Current Con 2. : 
B. and Levine, y> 1954, P 
3 - Low’ rth Brown & Compan a 
Lisle 
“LANOX “LANOXIN’ INJECTION ‘LANOXIN’ ELIXIR PEDIATRIC 
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single-drug 
control of 
cardiac edema 


DIAMOX mobilizes bicarbonate and with it 
sodium, and the fluids of edema...reduces water 
retention with no notable changes in blood pres- 
sure or electrolyte balance. One tasteless tablet 
each morning...easy to take...rapidly excreted 
-..does not interfere with sleep. 


double-drug 
control of 
congestive heart failure 


DIAMOX alternated with chloride-regulating 
agents provides more dynamic diuresis than can 
any used alone... helps potentiate diuretic effect 
and counterbalance the tendency toward systemic 
alkalosis of chlorothiazide and mercurials...les- 
sens risk of drug tolerance ...extends intensive 


diuretic therapy. 


Supplied: Scored tablets of 250 mg., and Vials of 500 mg. for parenteral use. 


DIAMOX 


Acetazolamide Lederle 


HCO3 regulating diuretic 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York G 
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It spares them from the usual rauwolfia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing 
hypertension, although the daily dosage required is higher than that of reserpine. Severe 
side-effects are infrequent, and this attribute of syrosingopine is its chief advantage over 
other Rauwolfia preparations. The drug appears useful in the management of patients with 
essential hypertension.”* 

*Herrmann, G. R., Vogelpohl, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 


singoserp 


(syrosingopine CIBA) 


SERPASIC 


P 
(reservine 


First drug to try in new hypertensive patients 


First drug to add in hypertensive patients already on medication . 


supPLieD: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. Samples available on request. _ 

Write to CIBA, Box 277, Summit, N. J. | 

A 


>UMMIT N 


2/2697mK 
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In prophylaxis of angina pectoris 
“The best results...” 


“The best results...in both clinical. and electrocardiographic 
response, were observed with a combination of meprobamate and 
pentaerythritol tetranitrate [EQUANITRATE]. .. .”” Russek! so reported 
using double-blind methods in an important new study of penta- 
erythritol tetranitrate, a placebo, meprobamate, and EQUANITRATE. 
EQUANITRATE reduces the frequency and severity of attacks and 
controls angina-triggering emotions. 


Supplied: EQUANITRATE 16 (200 mg. meprobamate, 10 mg. pentaerythritol tetrani- 
trate), white oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 
20 mg. pentaerythritol tetranitrate), yellow oval tablets, vials of 59. 


1. Russek, H.I.: Am. J. Cardiol. 3:547 (April) 1959. 


Meprobamate and Pentaerythritol Tetranitrate, Wyeth 


® 
Philadelphia 1, Pa. 


NEWLY AVAILABLE 
EQUANITRATE 20 


*Trademark 
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MULTI-CHANNEL 
CAMBRIDGE RECORDERS 


FOR PHYSIOLOGICAL RESEARCH, CARDIAC CATHETERIZATION 
AND ROUTINE ELECTROCARDIOGRAPHY 


Versatile and comprehensive, this series of new multi-channel recorders pro- 
vides simultaneous indication and recording of EKGs, EEGs, stethograms, 
peripheral pulse waves, EK Ys, BCGs, pneumograms, intra-vascular and intra- 
cardiac blood pressures, blood pH, dye dilution curves and blood oxygen 
concentration. Various combinations of these functions can be traced simul- 
taneously on a single record. 


TWO BASIC MODELS ARE AVAILABLE: 


1. PHOTOGRAPHIC RECORDING: Preferred where 
high frequency recording is required. The instru- 
ment illustrated is a four-channel recording model 
with a two-gun monitoring oscilloscope. The upper 
trace indicates the variations in atrial pressure and 
the lower trace the pulmonary artery pressure. Any 
two channels may be monitored simultaneously with 
or without simultaneous recording on all channels. 
Four-gun Monitoring Oscillograph can also be fur- 
nished. Available in 2 to 8 channels. 


2. DIRECT WRITING: Desirable where the phenom- 
ena to be recorded are of medium and low frequency. 
All component parts are indentical to those used in 
the Photographic Model except that the recording 
is done by direct-writing galvanometers, rather than 
photographically. Available in 2, 3, or 4 channels. 

All tracings, Photographic or Direct-Writing are 
clearcut and accurate. Precise time and amplitude 
lines insure exact measurements of all tracings. 
Blood pressure variations, converted to electrical 
quantities by means of a pressure transducer, may 
be accurately measured and recorded without use 
of an external mercury manometer for calibration. 
The recording of instantaneous and average blood 
pressures is accomplished directly by operation of 
a single switch, thus eliminating time taking calcu- 
lations. 

We would be pleased to furnish additional infor- 
mation on the unique features of these fine instru- 
ments. 


Multi-channel Photographic Recorder with Monitor 


CAMBRIDGE INSTRUMENT Co., INC. 
3713 Grand Central Terminal, New York 17, N. Y. 


Cleveland 12, Ohio _ Detroit 2, Mich. Oak Park, Ill. Jenkintown, Pa. Silver Spring, Md. 
8419 Lake Avenue 7410 Woodward Ave. 6605 West North Ave. 479 Old York Road 933 Gist Avenue 


PIONEER MANUFACTURERS OF THE. ELECTROCARDIOGRAPH 
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a refinement in rauwolfia alkaloid ther rapy. 


for better management of hypertension in 0 il 


a purified alkaloid of rauwolfia... 
lessens the frequency and/or severity 
of these reserpine side effects: 


mental depression - bradycardia - sedation 
weakness - fatigue - lassitude - sleepiness 
nightmares - gastrointestinal effects 


useful alone for gradual, sustained 
lowering of blood pressure in mild to 
moderate labile hypertension 


useful as adjunctive therapy in severe 
hypertension for reducing dosage and thus 
side effects of other agents 


Professional information 
available on request 


PF ZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, N.Y. Science for the world’s well-being™ 
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in angina pectoris... 
24-hour protection against 


both pain and fear with just one 


Clinically proved"’?* to establish peak nitrate blood levels soon after an initial dose 
and to maintain these levels throughout a 12-hour period... 


thus avoiding bothersome t.i.d. or q.i.d, routines, yet permitting the patient to enjoy 
up to 12 hours’ uninterrupted relief from pain and fear with a single COROVAS Tymcap: 
“...it would appear that 60 mg. of PETN in TD capsule form [timed-disintegration 
COROVAS Tymcaps] is as effective as 80 mg. PETN in tablet form, in controlling the 


anginal attacks.”* C OR O VA S Tymcaps 


prolonged, sustained-action of vasodilating pentaerythritol tetra- 
nitrate (PETN) 30 mg., and sedative secobarbituric acid 50 mg. 


» contro/s or prevents anginal pain 
» alleviates associated fear, apprehension and panic 
» reduces frequency and severity of attacks 
»/educes the need for nitroglycerin 

Supplied—Boxes of 60 and 120 


|. Feinblatt, T. M., and Ferguson, E. A.: New Eng. J. Med. 256:331 (Feb.) 1957. 
2. Kupersmith, I. H.: International Record of Medicine, Vol. 171 No. 10 (Oct.) 1958. 
— > 3. Berry, J. W., and Roach, T. C.: Circulation, Vol. 17, No. 6 (June) 1958. 


:“/Amfre-Grant Inc. Brooklyn 26, New York 
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INTRAVENOUS CONTRAST MEDIA 


ANGIOGRAPHIC NEED. 


RENOGRAFIN | 60x 

| for intravenous ut 

and angiography. 

25.ce. and for: 

“sensitivity testing. Each Sensitivity testing. Each 
contains 760 mg. of dia- _ contains 600 mg. of dia- 


Retrogiatin provides all 
r 


* a neomycin (as sulfate) for widely effect e 


view of the low incidence of reactions 
“DeCarlo, J., and Sod, LM Ginicat Report to 
excellent opacification was obtained in of the 
Dennis, Me Clinical Report to the Squibb Institute for Medical Research, March, 
oe permits rapid completion of the urographic examination . va. 
“As little as 5 minutes after the end of the ir 


visualization of the renal pelvis arid calyces.” 


| 

* |  pyelography. Rubber- 
cappedvialsof 

299'mg. of diatrizoate 

methylglucamine. 

| 
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good 
SQUIBB Squibb Quality Priceless Ingredient 
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coronary 
| patient... 


His doctor 


is prescribing — 
and 


Arcofac is an important additional safeguard to prevent 
or control hypercholesteremia in cardiac conditions 


EVERY PATIENT WITH CORONARY DISEASE DESERVES THE ADDITIONAL PROTECTION AFFORDED BY ARCOFAC 


Arcofac (Armour Cholesterol Lowering 
Factor) lowers elevated blood cholesterol 
levels, safely, effectively,.and without im- 
posing radical dietary changes. 


ARMOUR PHARMACEUTICAL COMPANY 
KANKAKEE, ILLINOIS Armour Means Protection 
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Each tablespoonful (15 ml.) of Arcofac contains: 

(measured as linoleic) with 2.5 ‘LU. of Vitamin Et 
Pyridoxine hydrochloride (Vitamin B,). . .1.0 mg. 
*Supplied Lae safflower oil which contains the highest con- 


centration eens fatty acids of any commercially 
available ble oil, 


tAdded as Mixed Tocopherols Concentrate, N.F. 
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A COMPLETE HEART STATION ON WHEELS 


with 2 recording speeds . 3 sensitivities . 


Almost without effort, this modern functional electro- 
cardiograph can be wheeled noiselessly from room to 
room ... around beds... into and out of elevators. 
Here are all the diagnostic advantages of the new 
Model 100 Viso-Cardiette electrocardiograph in a 
mobile console cabinet of hand-rubbed mahogany or 
rugged stain-proof light beige plastic laminate. Elec- 


++. the recenfly announced Model 100 Viso in 
a handsome mahogany case, price $850 
delivered, continental U.S.A. You can convert 
your present table-top 100 Viso into the mobile 
unit of your choice at any time by purchasing 
the new 100M mobile cabinet separately. 
(Price, $120 delivered, continental U.S.A.) 


SANBORN 


MEDICAL DIVISION 


December, 1959: 


provision for recording other waveforms - 


provision for visual monitoring 


trodes, Redux paste and all accessories— and the 
built-in automatic-retracting power cord — stay with 
the 100M Mobile Viso. For hosp‘tal, clinic or office use, 
this newest Sanborn electrocardiograph offers the 
ultimate in diagnostic usefulness and operating con- 
venience. Model 100M Mobile Viso, $895 delivered, 
continental U.S.A. 


Model 300 Visette — only 18 pounds complete, 
briefcase size. You or your nurse can carry this 


truly portable instrument anywhere .. . ideal 
for “on-call” ECG work. Price $625 delivered, 
continental U.S.A. 


Complete descriptive literature on request. 


COMPANY 


175 Wyman St., Waltham 54, Massachusetts 
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WARNER 
CHILCOTT 


MORRIS PLAINS, 


after the coronary 
Peritrate improves blood flow 
...with no significant 

drop in blood pressure 


Peritrate aids in the establishment of vital collat- 
eral circulation in the postcoronary patient. 


Unlike nitroglycerin, Peritrate is a selective vaso- 
dilator that works almost exclusively on coronary 
vessels with only minimal peripheral effects. It 
increases coronary blood supply without signifi- 
cant fall in blood pressure or increase in pulse 
rate. Prescribe Peritrate 20 mg. q.i.d. for your post- 
coronary patients. 


brand of pentaerythritol tetranitrate 


With the aid of 
Peritrate, compensatory 
collateral circulation 
develops 
around damaged 
myocardium, 
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The efficacy of Rolicton (brand of amiso- 
metradine) in maintaining diuresis in the ede- 
matous patient has been established on an 
average dosage of one tablet b.i.d. Larger 
doses may be given as initial therapy and as 
maintenance therapy in edema difficult to 
control. Many patients will respond to one 
tablet daily. 


“The margin of safety and the diuretic index is 
certainly an improvement over the use of oral mer- 
curial diuretics.”! 


Avoiding “Peaks and Valleys” 

A highly desirable effect, and one which 
has been made possible with Rolicton, is the 
maintenance of continuous diuretic effective- 
ness day after day over an extended period, 
to avoid the up-and-down weight pattern 
typical of other edema-control methods. 


December, 1959 


FOR A.“DRY” CARDIAC PATIENT... 


Illustration by Hans Elias 


Rolicton’ Diuresis Maintains 
Continuous Edema Control 


“There was an obvious stabilization of weight 
in practically all of the patients under observation, 
and previous wide fluctuations in poundage disap- 
peared.”2 


Mercury-Sparing 

Typical of the Rolicton diuresis pattern is 
the ability of the drug to reduce and, in a 
large percentage of patients, to eliminate the 
need for mercurials parenterally. 

“. . . the drug represents a most useful addition 
to our armamentarium in the treatment of edema, 
not only because it can be given orally . . . but more 
so because it permits [us] to replace or to spare the 
. Mercurials.”3 


G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


1. Asher, G.: Personal communication, June 23, 1956. 

2. Settel, E.: Rolicton® (Aminoisometradine), a New, Non- 
mercurial Diuretic, Postgrad. Med. 2]:186 (Feb.) 1957. 

3. Goldner, M. G.: Personal communication, June 29, 1956. 
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PHARMACOLOGY 


FIRST ISSUE: January 1960 


CLINICAL PHARMACOLOGY AND THERAPEUTICS will publish 


ERAPEUTICS 


objective and authoritative papers dealing with the evaluation 
of the effects of drugs in man. It will present comprehensive 
papers on new drugs and critical re-evaluations of old ones. 

It will include editorials, symposia, reviews and a 
correspondence section for informal reports. It will also offer 
brief commentaries on new pharmaceuticals as they are 
introduced, with advice and prognostications of authorities, 

as unbiased guides to their use before extensive clinical 


experience is available. 


Papers to Appear in Early Issues: 


The Actions and Uses of Anthelmintics . . . The Respiratory 
Hersert S. Kurrerman, and Circulatory Effects of Opiates and Narcotic Antagonists 
... The Pharmacologic Basis of the Choice and Use of Drugs 
in Myasthenia Gravis . . . The Present Status of Anabolic 
Agents .. . The Actions and Uses of Hypoglycemic Agents... 
The Mechanism of Action of Diuretics in Hypertension . . . 
The Newer Drugs in Amebiasis . . . The Reliability of Reports 
on Drug Evaluations in Man... Experimentation with New 
Drugs on Man: A Symposium . . . Pharmacology of Muscle 


Relaxants in Man. 


0 | am in General Practice 


Enroll me as a Charter Subscriber to CLINICAL PHARMACOLOGY AND 
THERAPEUTICS. Send the first two issues free. Bill me for $12.50 (Canada & 
Latin America, $13.00; elsewhere, $13.50) for the next six bimonthly issues. 


(Attach your check; receive 3 issues free!) 


0 Bill me, 


American Heart Journal 
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Opens Up a World of 
Possibilities in EKG 


Yew Bases 


by 


DEMETRIO SODI-PALLARES, M.D., Chief of the Department 
of Electrocardiography at the National Institute of Cardiology of 
Mexico; Professor of Cardiovascular Clinics at the National Uni- 
versity of Mexico, Mexico City. 


With the Collaboration of ROYAL M. CALDER, M.D., Editor, 
English Translation, Clinical Professor of Medicine, Graduate 
School, Baylor University. 


727 Pages, 520 Illustrations. PRICE, $18.50. 


Books that teach and discuss the scientific bases on which electrocardiography rests, 
or all the experimental work that has been done to elaborate it, are very few. Such a 
book is what Dr. Sodi-Pallares gives the medical profession in this new treatise. 


In this work the author has taken on his shoulders the work of bringing together 
and explaining the scientific bases of electrocardiography in terms within the reach of 
the medical reader—and demonstrates the results of their application. The reader dis- 


dipole theory of Craib; the prolific and much discussed theory of the Einthoven triangle; 
the application of the solid angle; the concepts on the ventricular gradient; all of these 


paths of interpretation heretofore unknown. Such is the material presented in this 
book. It is a book concerned with the “how's” and “wherefore’s” in electrocardio- 
graphy. It is not intended for the presentation of established formulas, but the present 
methods for the better understanding of the tracings and to interpret them in the light 
of what is now known concerning the electrophysiology of the heart. 


3207 Washington Blvd. 


St. Louis 3, Missouri 


Gentlemen: Send me a copy of Sodi-Pallares’ "NEW BASES OF ELECTROCARDIOGRAPHY,” priced at $18.50. 
sabe oa Attached is my check. ...... Charge mv account. 


Hr-12-59 


covers a world of possibilities in front of him. The membrane theory of Bernstein, the 


applied to the interpretation of an electrocardiogram illuminate the tracing and reveal - 
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) THE GREATEST GIFT...... 


\ The greatest gift to find under the Christmas tree is 
\ the gift of good health. You have helped bestow 
the gift of health with Christmas Seal contri- 


N butions. Medical progress against TB has 
saved eight million lives since 1907. But 


TB still kills thousands every year. 
. Send your Christmas Seal gift today. 
\ FIGHT TB WITH CHRISTMAS SEALS 
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blood pressure 
with 


Combination Tablets 
POTENTIATED ANTI HYPERTENSIVE 


Serpasil-Esidrix not only lowers blood pressure, it controls complications 
of hypertension, too. For example, it rapidly eliminates excess fluid in 
decompensated patients with edema. And, through its heart-slowing and _ : ze 
calming actions, Serpasil-Esidrix also relieves the tachycardia and anxiety ‘that so often 
accompany hypertension. Equally important: Esidrix combined with Serpasil frequently 
reduces pressure to lower levels than single-drug therapy. Potentiated antihypertensive 
effect —single-tablet convenience. sUPPLIED: Zablets (light orange, scored), each containing 
0.1 mg. Serpasil and 25 mg. Esidrix. sereasi®-esioeix® (reserpine and hydrochlorothiazide c1Ba) , 


SUMMIT: NEW JERSEY 


2/2744mK 


December, 1959 Page 53 


- 
4 | ry 
you 


Emphasizes Application of Physiology 
To Routine Practice of Medicine 


10th Edition 


MEDICAL PHYSIOLOGY 


Edited by PHILIP BARD, Professor of Physiology, 
School of Medicine, The Johns Hopkins University, 
With 13 Collaborators. 1956, 10th Edition, 1421 
pages, 634” x 934”, 438 illustrations, 5 in color. 


Price, $14.00. 


Here is emphasized the application of physiology in the routine practice of medicine. 
This is accomplished by reviewing those portions of physiology which experience has 
shown to be of especial value to the clinician. 


Although based on the popular Bard-Macleod “Physiology in Modern Medicine,” this 
edition is so radically different and has been so revitalized as to require the new title 
“MEDICAL PHYSIOLOGY,” dealing as it does now with just those portions of phy- 
siology which are at present the concern of the practitioner. 


This book is the coordinated and synchronized effort of 14 outstanding authorities who 
pooled their efforts to achieve a true classic. Each major subdivision of the book is the 
work of a writer still actively engaged in the study of some phase of the subject that he 
treats. This arrangement has much to recommend it. The ever-increasing bulk of ori- 
ginal literature in physiology has made it most difficult for one, or even two or three 
individuals to present in adequate fashion the facts and conceptions -which should be 


made available to practitioners of medicine. 


Further, the treatment of each subject by one who has personally launched an experi- 
mental attack in some sector of that general field is likely to result in the placing of stress 
on actual experimental evidence. This should stimulate the reader to weigh the evidence 
and to achieve an understanding by the selection and coordination of significant facts. 


THE C. V. MOSBY CO. Date 
3207 Washington Blvd., St. Louis 3, Mo. 


Gentlemen: Send to me on 10-day approval the Tenth 
Order foday fr om Edition of Bard’s “MEDICAL PHYSIOLOGY,” priced 


at $14.00. I understand that if I am not completely 
THE C. V. MOSBY CO. 


satisfied I can return the book and my money will be 
3207 Washington Blvd. 


(0 Attached is my check. ( Charge my account. 


Dr. 


refunded. 
St. Lovis 3, Mo. 
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CONGESTIVE FAILURE 


“Chlorothiazide appears to represent a significant 
advance in the treatment of patients with congestive 
heart failure . . . ; its decided advantages are 

(1) effective oral administration, (2) apparent 

lack of toxicity, (3) high patient acceptance, 

(4) sustained diuretic action . . .” 


Keyes, J.W. and Berlacher, F.J.: J.A.M.A. 169:109, (Jan. 10) 1959. 
Dosage: One or two 500 mg. tablets DIURIL once or twice a day. 


continuing 

consistently 
outstanding record 


safety and 
in: 


Supplied: 250 mg. and 500 mg. scored tablets DIURIL 
(Chiorothiazide). DIURIL is a trademark of Merck & Co., Inc. 
Additional information is available to the physician on request. 


MERCK SHARP & DOHME 
Division of Merck & Co., Inc., Philadelphia 1, Pa. 


©1959 Merck & Co., INC. 
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Integrated and COMPLETELY REVISED! 


6th Edition 


PRACTICE MEDICINE 


Edited By 
JONATHAN CAMPBELL MEAKINS, 
C.B.E., M.D., LL.D. Sc. 


1956, 6th Edition — 
1916 Pages - 634” x 934” 
318 Illus. - 4 in Color. 

Price, $16.00. 


ASSOCIATE EDITORS 


ALVAN L. BARACH, College of Physicians and 
Surgeons, Columbia University. 


JAMES W. CULBERTSON, College of Medicine, 
University of Iowa. 


CHARLES S. DAVIDSON, Harvard Medical 
School. 


CHARLES A. DOAN, Ohio State University Col- 
lege of Medicine. 


ERNEST CARROLL FAUST, Tulane University. 


ALLAN J. FLEMING, E. I. duPont de Nemours 
Company. 


R. H. FREYBERG, Cornell University Medical 
College. 


M. M. HOFFMAN, McGill University. 


DOROTHY M. HORSTMANN, Yale University 
School of Medicine. 


J. WILLIS HURST, Emory University School of 
Medicine. 

CHEVALIER L. JACKSON, Temple University 
School of Medicine. 


CHESTER S. KEEFER, Boston University School 
of Medicine. 


RK. BRUCE LOGUE, Emory University School of 
Medicine. 

THOMAS E. MACHELLA, University of Pennsyl- 
vania, School of Medicine. 


G. KENNETH MALLORY, Boston University 
School of Medicine. 


SYDNEY G. MARGOLIN, University of Colorado 


School of Medicine. 


ARTHUR J. MERRILL, Emory University School 
of Medicine. 


HAMISH W. McINTOSH, University of British 
Columbia. 


ROBERT T. PARKER, University of Maryland 
School of Medicine. 
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LOUIS WEINSTEIN, Boston University School of 
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Except for the title there is very little similarity between 
this enlarged and expanded edition of “PRACTICE OF 
MEDICINE” and the five previous editions. Where the 
first five editions were almost entirely the work of Doctor 
Meakins, he has served only as Editor-in-Chief of this 
edition. Working under him were 24 Associate Editors— 
and they, in turn, had 87 contributors do most of the actual 
writing. As a result the book is entirely new and dif- 
ferent. 


Designed to assist the practitioner of medicine in solving 
the numerous puzzles and problems which he daily en- 
counters, this book is arranged according to diseases of 
the various systems and organs—a plan that lends itself 
to simplicity. It is eminently a clinical book with symp- 
toms being given particular prominence. The pathological 
basis of symptoms is everywhere stressed, and the bedside 
recognition and interpretation of clinical signs is described 
with a sustained interest and lucidity rarely found in tomes 
of this size. 


The major responsibility of this revision was placed in the 
hands of the 24 Associate Editors—each unto his own 
particular realm; each with a broad understanding of the 
unity of medicine as a whole; each realizing that the wide 
subject of man’s disabilities could not be viewed as made 
of segregated entities, but that there must be coordination 
of the anatomic, physiologic, emotional, and environmental 
whole. 


In each section where applicable, reference to the so-called 
psychosomatic patterns and psychologic aspects has been 
made, and there is, finally, a section on Psychosomatic 
Medicine, designed to knit the general concepts of this 
branch into an integrated whole. 


3207 Washington Blvd., 
St. Louis 3, Missouri 
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PROVEN EFFECTIVE 
FOR THE TENSE 
NERVOUS PATIENT 


“There is perhaps no other drug introduced in es 
recent years which has had such a broad spec- : 
trum of clinical application as has meproba- a 
mate.* As a tranquilizer, without an autonomic [ 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many organic diseases 
with a tension component.%? 


Krantz, J. C., Jr.: The restless eye 
patient — A psychologic and 4 7 
pharmacologic viewpoint. 

Current M. Digest 


5 the original meprobamate, discovered and introduced by 
WALLACE LABORATORIES, New Brunswick, N. J. 
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ROLONGED PENICILLIN ACTION 
MEASURED IN WEEKS FOR... 


e Streptococcal and Pneumococcal 
Infections" 


Rheumatic Fever Prophylaxis*" 


@ Syphilis (primary & secondary) ¥ 
and Gonorrhea'**® 
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RECOVERY RATE: “OVER | 


over 1 000 p published cases 
thromboembolic disease 


i HEDULIN’ 


OF PHENINDION 


indand ~ 
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Caution Federal tow 


without 
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HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1, Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2. Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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more dependable absorption for more predictable results in 
HYPERTENSION 


Protalba-R contains protoveratrine A,* a single alkaloid of veratrum for 
more effective management of the hypertensive patient. 


Protoveratrine A reduces elevated blood pressure with more predictable 
results than ever before possible in oral veratrum therapy because of its 
crystalline purity and ready absorption from the intestinal tract. 


Combination of protoveratrine A with crystalline reserpine in Protalba-R 
permits blood pressure reduction with smaller and thus better tolerated 
doses than when either drug is used alone. 


protalba-R' 


tTrademark for Tablets Protoveratrine A, 0.2 mg. and Reserpine, 0.08 mg. *Patent Pending 


PITMAN-MOORE COMPANY pivision of Allied Laboratories, Inc., Indianapolis 6, Indiana 
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SANDRIL ¢ PYRONIL adds antihistamine 


to reserpine therapy 


Although the nasal stuffiness commonly caused by reserpine prepara- 
tions is seldom serious, it may be bothersome enough to induce patients 
to cease therapy. ' 

Clinical experience':? has revealed that the antihistamine, Pyronil, 
provides relief for approximately 75 percent of patients who experience 
this side-effect. Therefore, Sandril ¢ Pyronil offers you better patient 
control by providing greater freedom from nasal congestion. 


Each tablet combines: Also: Sandril, as tablets of 0.1, 0.25, and 

Usual Dosage: 1 tablet b.i.d. 2. J. Indiana M.A., 48:603, 1955. 


Sandril® (reserpine, Lilly) Pyronil® (pyrrobutamine, Lilly) 


EL! LILLY AND COMPANY « 439 6, INDIANA, = 
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